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IURPRXWVLGHWKHSUHVFULEHGYR[HOLVWRHQVXUHWKHODVWVOLFHVHOHFWLRQSODQHLVSHUSHQGLFXODUWR
UHJLRQVRI% LQKRPRJHQHLW\)RUH[DPSOH KDYLQJWKHILQDOVOLFH VHOHFWLRQSODQHLQWKHD[LDO
GLUHFWLRQKDV EHHQVKRZQWRUHGXFH696DUWLIDFWVLQ IURQWDOEUDLQUHJLRQV E\HOLPLQDWLQJVSXULRXV
VLJQDOVFDXVHGE\ % LQKRPRJHQHLW\LQWKHPRXWKDQGVLQXVHV 
$OOORFDOL]DWLRQPHWKRGVEDVHGRQ5)JUDGLHQWVOLFHVHOHFWLRQVXFKDV35(66DQG67($0
H[KLELWD ORFDOL]DWLRQLQDFFXUDF\ NQRZQ DVWKHFKHPLFDOVKLIWGLVSODFHPHQWHUURU&6' &6'
FDXVHVD VSDWLDOGLVSODFHPHQWRIPHWDEROLWHUHVRQDQFHORFDOL]DWLRQZKHUHUHVRQDQFHVIXUWKHU
IURPWKHFHQWHUIUHTXHQF\RIWKH5)SXOVHDUHGLVSODFHGWRJUHDWHUH[WHQW )LJXUH0HWDEROLWHV
ZLWKIUHTXHQF\VHSDUDWHG-FRXSOHG PXOWLSOHWVVXFKDVODFWDWH PD\KDYHUHGXFHGVLJQDO GXHWR
UHJLRQVDURXQGWKHYR[HOHGJH SHULSKHU\ QRWH[SHULHQFLQJDOO WKUHH ORFDOL]DWLRQSXOVHV HTXDOO\
 )RUDJLYHQPD[LPXP5)DPSOLWXGH %PD[WKH&6'HUURU ZRUVHQVZLWKLQFUHDVLQJILHOG
VWUHQJWKDQG UHGXFHG5)SXOVHEDQGZLGWK7KHUHIRUH&6'LVZRUVHIRU35(66WKDQ67($0
DVFRQYHQWLRQDOSXOVHVKDYHJUHDWHUEDQGZLGWKWKDQFRQYHQWLRQDOSXOVHVIRUDIL[HG
SXOVHGXUDWLRQDQG%PD[&6'VHYHULW\DQGUHGXFWLRQZLOOEHGHVFULEHGLQWKH&RQVHQVXV
2SLQLRQDQG5HFRPPHQGDWLRQVVHFWLRQ
,QUHFHQW\HDUVWKHGHYHORSPHQWRIWKHSKDVHGDUUD\KHDGFRLO  KDVUHVXOWHGLQLPSURYHG
615IRU05,DQG056DQGPRGHUQYHQGRUVXSSOLHG056SURWRFROV DWDQG 7DUH
SHUIRUPHGXVLQJWKHERG\YROXPHFRLOIRU% WUDQVPLVVLRQDQGDSKDVHGDUUD\KHDGFRLOIRU%
UHFHSWLRQ&RPSDUHGWRWUDGLWLRQDOWUDQVPLWUHFHLYH75ELUGFDJHKHDGFRLOVWKHFRPELQDWLRQ
RISKDVHGDUUD\HGUHFHLYHDQGYROXPHWUDQVPLWRIIHUVLPSURYHG615 LQFRUWLFDOEUDLQUHJLRQV
GXHWRWKHFORVHSUR[LPLW\RIUHFHLYHFRLOV WRFRUWLFDODUHDVDQGKRPRJHQHRXV% DYDLODEOHIURP
WKHYROXPHWUDQVPLWFRLO ,QFHQWUDOEUDLQUHJLRQV615JDLQVDUHIHDVLEOHXVLQJWLJKWHUILWWLQJ
UHFHLYHFRLOV)RUZHOOGHVLJQHG FRLOVDQGRSWLPLVHGGDWDUHFRQVWUXFWLRQ ± DKLJKHU
QXPEHURIDUUD\ HOHPHQWVVKRXOGFRQIHULPSURYHG615 LQFRUWLFDOUHJLRQV ZLWKDUHFHQWUHSRUW
GHPRQVWUDWLQJDLPSURYHPHQWZKHQXVLQJHOHPHQWVFRPSDUHGWR  2QHSRWHQWLDO
GLVDGYDQWDJHZLWKXVLQJERG\ FRLOV IRUWUDQVPLVVLRQ LVUHGXFHG %PD[ ZKHQFRPSDUHGWR75
GHVLJQVKRZHYHUDGHTXDWH%PD[ KDVEHHQGHPRQVWUDWHGDW7IRUORZ&6' VHTXHQFHVVHH
696DFTXLVLWLRQFRQVHQVXVVHFWLRQ2YHUDOOWKHXVHRISKDVHGDUUD\KHDG FRLOVZLWKDKLJK
QXPEHURIUHFHLYHHOHPHQWV LVUHFRPPHQGHGIRUQHXUR696DQG056,DWDQG7
696 75DQG 7(FRQVLGHUDWLRQV
3URSHUGHWHUPLQDWLRQRI DEVROXWHPHWDEROLWHFRQFHQWUDWLRQVRUUDWLRVHJ WRWDO1
DFHW\ODVSDUWDWHW1$$WRWDOFUHDWLQHW&U LGHDOO\UHTXLUHV ORQJ75VDQGVKRUW7(VWRPLQLPL]H
VLJQDOORVVIURP 7 VDWXUDWLRQDQG 7 UHOD[DWLRQ HIIHFWV UHVSHFWLYHO\6KRUW7(V  PV DOVR
RIIHULPSURYHGGHWHFWLRQRIPHWDEROLWHVZLWKFRPSOH[-FRXSOHGVSHFWUDOSDWWHUQVHJJOXWDPLQH
*OQJOXWDPDWH*OX DQGP\RLQRVLWROP,GXHWRUHGXFHGGHSKDVLQJIURP-FRXSOLQJ
HYROXWLRQ+LJKTXDOLW\VKRUW7(056DOORZV WKHTXDQWLILFDWLRQRI DQH[WHQGHGQHXURFKHPLFDO
SURILOHLQFOXGLQJQHXURWUDQVPLWWHUVDQGDQWLR[LGDQWV  +RZHYHUDFKDOOHQJHDVVRFLDWHGZLWK
VKRUWHU7(¶VLVWKHHQKDQFHPHQWRIEURDGVKRUW7 VLJQDOVIURPKLJKPROHFXODUZHLJKW
PDFURPROHFXOHV00DQGOLSLGV $SSURSULDWHDQDO\VLVPHWKRGVDUHFDSDEOHRIVHSDUDWLQJ
PHWDEROLWHDQGOLSLG00 VLJQDOVEXWSRRU% KRPRJHQHLW\ VHHQH[WVHFWLRQGHJUDGHV WKLV
VHSDUDWLRQORQJHU 7(DFTXLVLWLRQVPD\EHHPSOR\HGWRVXSSUHVVEURDG00DQGOLSLGVLJQDOV
DQGVLPXOWDQHRXVO\UHIRFXVZHDNO\-FRXSOHGVSLQV)RULQVWDQFHD7(RI RU PVLV
FRPPRQO\XVHGWRDLG WKH GLVFULPLQDWLRQRIODFWDWHIURPOLSLGVDQGVLQJOHWVIURPRYHUODSSLQJ
PXOWLSOHWV :KLOVWORQJ75V!VUHGXFHXQZDQWHG VLJQDOORVV SHUWUDQVLHQWDYHUDJH IURP 7
UHOD[DWLRQHIIHFWVWKHPHWDEROLWH615SHUXQLWWLPHLVDOVRUHGXFHGDQGWKHUHIRUHDFRPSURPLVH
LVRIWHQUHTXLUHGIRUFOLQLFDO056
696 % LQKRPRJHQHLW\
,QYLYR VXVFHSWLELOLW\LQGXFHGPDJQHWLFILHOGGLVWRUWLRQVDULVHIURP WKHSUHVHQFHRIDLUWLVVXHDQG
WLVVXHERQHLQWHUIDFHV,QEUDLQILHOGGLVWRUWLRQVDUHPRVWDSSDUHQWLQUHJLRQVFORVHWRVLQXVHV
VXFKDVWKHSUHIURQWDOFRUWH[DQGWHPSRUDOOREHVDQGVLQFHVXVFHSWLELOLW\GLIIHUHQFHVVFDOHZLWK
WKHVWDWLFILHOGVWUHQJWKWKHVHGLVWRUWLRQVDUHVWURQJHUDW KLJKHUILHOGV$KRPRJHQRXVVWDWLF
PDJQHWLFILHOG % LVHVVHQWLDOIRU056VLQFHQDUURZOLQHZLGWKVSURYLGHWKH VSHFWUDOUHVROXWLRQ
FULWLFDOIRU REVHUYDWLRQRIPXOWLSOHWUHVRQDQFHV DFFXUDWH PHWDEROLWHTXDQWLILFDWLRQDQGHIILFLHQW
ZDWHUVXSSUHVVLRQ ,QDGGLWLRQWRJUDGLHQWFRLOV05V\VWHPVLQFRUSRUDWHVKLP FRLOVWR
FRPSHQVDWHIRU % LQKRPRJHQHLW\DQGDGMXVWPHQWRIFXUUHQWVIORZLQJWKURXJKWKHVHFRLOV LV
FDOOHGµVKLPPLQJ¶
9HQGRUSURYLGHG VKLPPLQJURXWLQHVDUHFXUUHQWO\EDVHGRQWKH DFTXLVLWLRQRI DGLPHQVLRQDO%
ILHOGPDS *5(6+,0 % ILHOGPDSSLQJDORQJRUWKRJRQDOSURMHFWLRQV )$670$3 DQGLWV
YDULDQWV ± RUDORQJRUWKRJRQDOSODQHV RIWKHORFDOL]DWLRQ92,% ILHOGYDULDWLRQV
FDOFXODWHGIURP VLJQDOSKDVHGLIIHUHQFHVDUHXVHGWRFRPSXWHWKHFXUUHQWVQHHGHGIRU HDFKRI
WKHDYDLODEOHVKLPFRLOV ± % ILHOGGLVWRUWLRQVRYHUW\SLFDO 696GLPHQVLRQVDUHJHQHUDOO\
FRPSHQVDWHGXVLQJDVW RUGHUVKLPXVLQJWKHOLQHDU[\DQG]LPDJLQJJUDGLHQWFRLOV DW 7
ZKHUHDVWKHXVHRIQG RUGHU VKLPHOHPHQWVWHUPV][\[\[]DQG\] LVVWURQJO\
UHFRPPHQGHGIRU696DW 7
696 ZDWHUVXSSUHVVLRQ
'HWHFWLRQRIPLOOLPRODUPHWDEROLWHVLJQDOVLQWKHSUHVHQFHRIRUGHUVRIPDJQLWXGHKLJKHU
ZDWHUa0VLJQDOVLVFKDOOHQJLQJGXHWRWKHVSHFWUDOEDVHOLQHLQWHUIHUHQFHRULJLQDWLQJIURP
WKHWDLOVRIWKHODUJHZDWHUUHVRQDQFH ,Q DGGLWLRQZDWHU³VLGHEDQG´GLVWRUWLRQVRULJLQDWLQJIURP
YDULRXVVRXUFHVLQFOXGLQJVXEMHFWPRYHPHQW DVZHOODVPHFKDQLFDOYLEUDWLRQDQGLQVWDELOLW\RI
5)DQGJUDGLHQW HOHFWURQLFV SURGXFHVSXULRXVVLJQDOVIXUWKHU FRQIRXQGLQJ PHWDEROLWHVLJQDO
HVWLPDWHV 6XFK LQWHUIHUHQFHVFDQEHPLWLJDWHG GXULQJDFTXLVLWLRQ E\XVLQJDZDWHUVXSSUHVVLRQ
PRGXOHSULRUWRWKH056ORFDOL]DWLRQPRGXOH7KHPRVWFRPPRQPHWKRGV H[SORLWWKHFKHPLFDO
VKLIWGLIIHUHQFHEHWZHHQZDWHUSSPDQGWKHVWURQJHVW PHWDEROLWHUHVRQDQFHV WR
SSP&RPPRQ PHWKRGVLQFOXGHUHSHDWHG FKHPLFDOVKLIWVHOHFWLYH&+(66VDWXUDWLRQSXOVHV DW
WKHIUHTXHQF\RIZDWHU  ZDWHUVXSSUHVVLRQHQKDQFHGWKURXJK 7 HIIHFWV:(7  DQG
YDULDEOHSXOVHSRZHUDQGRSWLPL]HGUHOD[DWLRQGHOD\V9$325  VKRZQLQ)LJXUH ,Q
JHQHUDOWKHHIIHFWLYHQHVVRIZDWHUVXSSUHVVLRQLVVLJQLILFDQWO\DIIHFWHGE\%KRPRJHQHLW\DV
PHWKRGVUHTXLUH QDUURZEDQGZLGWK IUHTXHQF\VHOHFWLYHSXOVHVWRDYRLGLQDGYHUWHQWVXSSUHVVLRQ
RIPHWDEROLWHUHVRQDQFHVFORVHVW WRWKHZDWHUUHVRQDQFH
696 YR[HOGLPHQVLRQV DQGSODFHPHQW
,QQRQIRFDOGLIIXVHEUDLQGLVHDVHRUJHQHUDOSK\VLRORJLFDOVWXGLHVWKH696DFTXLVLWLRQYR[HO LV
SUHIHUHQWLDOO\SODFHGIDUDZD\IURPDLUWLVVXHLQWHUIDFHV EHFDXVHRIVKLPPLQJGLIILFXOWLHV DQG
DZD\IURP WKH VFDOSWRSUHYHQWVSXULRXVRXWRIYROXPH OLSLGVLJQDOV,QD PLQXWHDFTXLVLWLRQ
WLPH DQ FP FXERLGYROXPHLQSDULHWRRFFLSLWDOJUH\PDWWHU*0 RUSDULHWDOZKLWHPDWWHU:0
SURYLGHV KLJKTXDOLW\VSHFWUD DW 76PDOOHUYROXPHVGRZQWRFP DOVR\LHOGVSHFWUDWKDW
DOORZPHWDEROLWHTXDQWLILFDWLRQEH\RQGW1$$W&UDQGWRWDOFKROLQHW&KR DW 7ZLWKLQ
PLQXWHVSURYLGHGJRRG% KRPRJHQHLW\FDQEHDFKLHYHG,QIRFDOGLVHDVHV RUVSHFLILF
DQDWRPLFDO DUHDVRILQWHUHVW YR[HOV WKDWEHVWILWWKHWDUJHWHGDQDWRP\RUOHVLRQDUHFRPPRQO\
XVHG&RQWDPLQDWLRQE\OLSLGVLJQDOV RFFXUV IRU YR[HOV ORFDWHG WRRFORVH WRWKHVFDOS DQGWULDO
YR[HOSODFHPHQW LQYROXQWHHUVWRDVVHVVVOLFHSURILOHDQG&6'OLPLWDWLRQV H[SHULPHQWDOO\LV
DGYLVHG ,QDGGLWLRQWRFDUHIXOYR[HOSRVLWLRQLQJRXWHUYROXPHVXSSUHVVLRQ296PD\EHXVHG
WRVXSSUHVVVLJQDOIURPXQZDQWHGUHJLRQVLQFKDOOHQJLQJDUHDV ,QJHQHUDOYROXPHVEHORZ
FP GRQRWKDYHDQDGHTXDWH615 LIGHWDLOHGPHWDEROLFSURILOHVDUHQHHGHG WRDQVZHU FOLQLFDO
TXHVWLRQVZLWKLQDUHDVRQDEOHPLQXWHDFTXLVLWLRQWLPHEXWPD\EHDFFHSWDEOHIRUUHVWULFWHG
DQDO\VLVVXFKDVWKHW&KRW1$$UDWLRLQEUDLQWXPRXUV 9R[HOYROXPHVJUHDWHUWKDQ FP RU
SURORQJHGVFDQWLPHV DUHQHHGHG WRGHWHFWVPDOO FKDQJHVLQORZ615PHWDEROLWHV VXFKDV
JOXWDWKLRQH DQGDLGWKHGLVFULPLQDWLRQEHWZHHQ KHDYLO\ RYHUODSSHG PXOWLSOHWVVXFKDVJOXWDPDWH
DQGJOXWDPLQH
696 GDWD DQDO\VLV
*URVV VSHFWUDO IHDWXUHVDUH DPHQDEOHWRH[SHUWYLVXDOLQWHUSUHWDWLRQHJ OLSLGVWKDWLQGLFDWHD
KLJKJUDGHWXPRU  KRZHYHU DXWRPDWHGDQDO\VHVRIPHWDEROLWHVLJQDOV SURYLGH REMHFWLYH
PHDVXUHVVXFK DVUHODWLYH PHWDEROLWHFRQFHQWUDWLRQVRU UDWLRV DVELRPDUNHUVIRU FOLQLFDO
GHFLVLRQPDNLQJ DQGFOLQLFDOWULDOV 056DQDO\VLVXVLQJEDVLV VHWV RINQRZQPHWDEROLWHV
00 DQGOLSLGVLJQDOV SDUDPHWULFDOO\ILWWHGWRWKHGDWDZLWKPRGHOOLQJRIEDVHOLQHDQG SHDN
OLQHVKDSHYDULDWLRQVKDYHEHHQSDUWLFXODUO\ VXFFHVVIXO H[DPSOHILW VKRZQLQ )LJXUH)LWWLQJ
PD\EHSHUIRUPHGLQWKHIUHTXHQF\GRPDLQZKHUHEDVHOLQHGLVWRUWLRQVPD\EH PRGHOOHGDV
VPRRWKO\YDU\LQJVSOLQHIXQFWLRQV /&0RGHO  RUGHFRPSRVHGXVLQJ ZDYHOHWV 9H63$ 
7LPHGRPDLQDQDO\VLVPD\DOVREHXVHGWRUHGXFHHUURUVIURPEDVHOLQHVLJQDOVE\RPLWWLQJLQLWLDO
GDWDSRLQWVIURPWKHILW  H[SORLWLQJWKHUDSLGWHPSRUDOGHFD\RIEDVHOLQHGLVWRUWLRQV48(67
7$548,10HWDEROLWHEDVLVVHWVFDQEHH[SHULPHQWDOO\DFTXLUHGRUVLPXODWHGIURP
NQRZQSDUDPHWHUV ± DQGHLWKHUDSSURDFKLVHIIHFWLYH  7KHDGGLWLRQRINQRZQ00
DQGOLSLGVLJQDOVWRWKHEDVLVVHWUHVXOWV LQLPSURYHGDQDO\VLVSDUWLFXODUO\IRUVKRUW7( GDWDVHWV
RUWXPRU VSHFWUDODQDO\VHV  % LQKRPRJHQHLW\ DQGDUWLIDFWVRULJLQDWLQJIURPUDSLGO\
FKDQJLQJJUDGLHQWV NQRZQDVHGG\FXUUHQWVEURDGHQDQGGLVWRUWWKH056 OLQHVKDSH IURPLWV
LGHDOIRUPHJ/RUHQW]LDQ IRUVLQJOHWSHDNV )RUDFFXUDWHDQDO\VHVWKHVHOLQHVKDSHYDULDWLRQV
VKRXOGEHUHGXFHGE\FRUUHFWLRQEDVHGRQWKH XQVXSSUHVVHGWLVVXHZDWHUVLJQDO DQGRU
PRGHOOHG GXULQJ WKH ILWWLQJ DOJRULWKP 
696 GDWDTXDOLW\
4XDOLW\FRQWURO4&UHTXLUHVFRQVLGHUDWLRQRI615 PHWDEROLWHDQGXQVXSSUHVVHGZDWHU
UHVRQDQFHOLQHZLGWKVUHVLGXDOZDWHUVLJQDOOLQHVKDSH&UDPpU5DRORZHUERXQGV
&5/%RIWKHGDWDILWILWTXDOLW\UHODWLYHVL]HRIUHVLGXDOVYVQRLVHVWDQGDUGGHYLDWLRQDQG
SUHVHQFHRIDUWLIDFWVVSXULRXVVLJQDOVEDVHOLQHGLVWRUWLRQVFRQWDPLQDWLRQIURP
VXEFXWDQHRXVOLSLGV 7KHILUVWVL[FDQEHDXWRPDWLFDOO\FDOFXODWHGE\VSHFWUDODQDO\VLVVRIWZDUH
KRZHYHUWKHHYDOXDWLRQRIDUWLIDFWV FXUUHQWO\QHFHVVLWDWHVLQVSHFWLRQE\DQH[SHULHQFHGUHDGHU
RI056&XUUHQW DXWRPDWLF4&VXIIHUVIURP DODFNRIHYLGHQFHEDVHGTXDOLW\WKUHVKROGV
DOWKRXJKJHQHUDOUHFRPPHQGDWLRQVDUHDYDLODEOH$QDFFHSWHGQXPHULFDO TXDOLW\
HVWLPDWHLQUHODWLRQWRPRGHOILWWLQJRI056GDWDLVWKH&5/%DORZHUHVWLPDWHRIWKHHUURURIWKH
FRQFHQWUDWLRQPHDVXUHPHQWDVLQIOXHQFHGE\615OLQHZLGWK DQGPXWXDOVLJQDORYHUODS$
UHODWLYH &5/%!LQGLFDWHVWKHUHLVLQVXIILFLHQWLQIRUPDWLRQWRFODLP WKHHVWLPDWHGYDOXHLV
VLJQLILFDQWO\GLIIHUHQWIURP]HURDQGLVWKHUHIRUHRIWHQFRQVLGHUHGQRWWREHUHOLDEOH+RZHYHULW
PD\DOVR LQGLFDWHWKDW WKHHVWLPDWHGYDOXHLVWRRORZ WREHUHOLDEO\PHDVXUHGZKLFKPD\EH
FOLQLFDOO\VLJQLILFDQW,QIOXHQFHVIURPDUWLIDFWVDUHQRWLQFOXGHGLQWKH&5/%FDOFXODWLRQDQG
WKHVHDUH LOOXVWUDWHGDQGGLVFXVVHGLQWKH6XSSRUWLQJ,QIRUPDWLRQ)LJXUH66 DQGVHFWLRQ%
696 DEVROXWHTXDQWLWDWLRQPHWKRGRORJ\
7KHREWDLQHG05VLJQDOLVSURSRUWLRQDO WR WKHQXPEHURIFRQWULEXWLQJ+QXFOHLLQWKH92,EXW
WKHVLJQDOLVQRWFDOLEUDWHGDQG PHDVXUHPHQWRIDEVROXWHPHWDEROLWHFRQFHQWUDWLRQ LV
FKDOOHQJLQJGXHWRXQNQRZQVFDOLQJ IDFWRUV VXFKDVUHFHLYHU FRLOVHQVLWLYLW\ DQGORDGLQJ)RU
PHWDEROLWHUDWLRVWKHVHIDFWRUVFDQFHODQGIRUWKLVUHDVRQPHWDEROLWHUDWLRVHJW1$$W&UDUH
ZLGHO\UHSRUWHGIRUFOLQLFDOXVHGHVSLWHWKHDPELJXLW\RIDWWULEXWLQJFKDQJHVWRWKHPHWDEROLWHLQ
WKHQXPHUDWRURUGHQRPLQDWRU $GGLWLRQDOO\ VPDOORULQDFFXUDWHYDOXHVIRUWKHGHQRPLQDWRU
SURGXFHODUJHYDULDQFH LQDPHWDEROLWHUDWLR6HPLTXDQWLWDWLYH056FDQEHREWDLQHGIURPWKH
UDWLRRIHDFKPHWDEROLWHWRWKHXQVXSSUHVVHGWLVVXHZDWHUVLJQDOIURPWKHVDPH92,DQGXVLQJ
DQDVVXPHG05YLVLEOHWLVVXHZDWHU FRQWHQW )XOOFRQFHQWUDWLRQTXDQWLWDWLRQUHTXLUHV
FRUUHFWLRQRIZDWHUDQGPHWDEROLWHVLJQDOVIRUUHOD[DWLRQIDFWRUVDVVHVVPHQWRIDQ\WLVVXH
SDUWLDOYROXPHHIIHFWVHJUHODWLYHSURSRUWLRQVRIJUH\DQGZKLWHPDWWHUFHUHEURVSLQDOIOXLG
&6)RUSDWKRORJLFDOWLVVXHLQWKH92,DQGFRUUHFWLRQIRUGLVHDVHLQGXFHGZDWHUFRQFHQWUDWLRQ
DOWHUDWLRQV2QH FKDOOHQJHZLWKFRQFHQWUDWLRQPHDVXUHVLVWKDW DFFXUDWHNQRZOHGJHRI
ZDWHUDQGPHWDEROLWHUHOD[DWLRQWLPHV DUHUHTXLUHGZKLFKPD\QRWEHDYDLODEOHIRUSDWKRORJLFDO
WLVVXH VHH$SSHQGL[&IRUDGLVFXVVLRQRQUHOD[DWLRQWLPHHIIHFWVRQTXDQWLWDWLRQ,QSULQFLSOH
XVLQJ7(VVKRUWHUWKDQPVPLQLPL]HVDEVROXWHTXDQWLWDWLRQHUURUVRIVLQJOHWSHDNVWROHVV
WKDQDQGUHGXFHVWKH GHSHQGHQFHRQDVVXPHG 7 UHOD[DWLRQYDOXHVKRZHYHUWHFKQLFDO
FKDOOHQJHVZLWKDFFXUDWHORFDOL]DWLRQDWYHU\VKRUW7(PDNHWKLVLPSUDFWLFDOZLWKFXUUHQWO\
DYDLODEOHFRPPHUFLDO056VHTXHQFHV
0DJQHWLF5HVRQDQFH6SHFWURVFRSLF,PDJLQJ 056,
:KLOH696 LVDSSURSULDWHIRULQYHVWLJDWLRQRIDIRFDOOHVLRQD VSHFLILFDQDWRPLFDOUHJLRQ RU
GLIIXVHEUDLQGLVHDVH 056,LV SUHIHUUHG ZKHQWKHORFDWLRQRILQWHUHVWLVXQFHUWDLQRUPXOWLSOH
DUHDVQHHGWREHHYDOXDWHG VLPXOWDQHRXVO\IRUH[DPSOH ZKHQLQYHVWLJDWLQJ PHWDEROLWH
GLVWULEXWLRQVDFURVV KHWHURJHQHRXVOHVLRQVGXHWR DWXPRU ,QLWVPRVWFRPPRQO\XVHG
LPSOHPHQWDWLRQ DW 7D [ JULGRIVSHFWUDZLWKQRPLQDOYR[HOUHVROXWLRQRI FP PD\ EH
DFTXLUHGLQDSSUR[LPDWHO\ PLQ DW75 PV ZLWKRQHDYHUDJHSHUSKDVHHQFRGLQJVWHSDQG
HOOLSWLFDONVSDFHVDPSOLQJ VHHEHORZ'HVSLWHWKHDGYDQWDJH RIVSDWLDOPHWDEROLWHLQIRUPDWLRQ
RIIHUHGE\'DQG' 056,UREXVWDFTXLVLWLRQV RIJRRG TXDOLW\GDWDSUHVHQW VLJQLILFDQW
FKDOOHQJHV 3UDFWLFDOLVVXHV LQFOXGH DFKLHYLQJDGHTXDWH% KRPRJHQHLW\RYHUDODUJHYROXPHIRU
JRRGVSHFWUDOUHVROXWLRQDQGUHOLDEOHZDWHUVXSSUHVVLRQJRRG VFDOSOLSLGVXSSUHVVLRQ
DXWRPDWHGDQGDFFXUDWHDQDO\VLVRIODUJH PXOWLYR[HOGDWDVHWV DQG WKHLUSUHVHQWDWLRQIRU LQWXLWLYH
LQWHUSUHWDWLRQ,QWKHIROORZLQJVHFWLRQV ZHEULHIO\LQWURGXFH WKHWHFKQLFDOLVVXHVVXUURXQGLQJ
056,DFTXLVLWLRQDQGDQDO\VLV
056, ORFDOL]DWLRQDQGSKDVHHQFRGLQJ
&RQWUDU\WRDVPDOOYR[HOWKDWLVVHOHFWHGLQ696LQ056,DODUJHUYROXPHLVVHOHFWHGWRDFTXLUH
VLJQDOVIURP PXOWLSOHYR[HOVDFURVVD'RU'JULG7KLVYROXPHFDQEHDVOLFHWKURXJKWKH
EUDLQDFTXLUHGXVLQJVLQJOHVOLFHVHOHFWLYHH[FLWDWLRQDQGUHIRFXVLQJSXOVHVFRPELQHGZLWK
RXWHUYROXPHVDWXUDWLRQ296VOLFHV WRVXSSUHVVVFDOSOLSLG $VLQJOH'VOLFHRU'FXELF
YROXPHFDQEHVHOHFWHGZLWKRUWKRJRQDOVOLFHORFDOL]DWLRQPHWKRGVVXFKDV35(66RU67($0
DVGHVFULEHGIRU696:LWKLQWKHVHOHFWHGVOLFHRUYROXPH'RU'SKDVHHQFRGLQJVHH
EHORZLVSHUIRUPHGWRORFDOL]HVSHFWUDOVLJQDOV WRDVSHFLILFJULGORFDWLRQ296 LVHVVHQWLDOLQ
VOLFHORFDOL]HGDFTXLVLWLRQV WRVXSSUHVVVXEFXWDQHRXVOLSLGVLJQDOVDQGPD\ DOVR EHXVHG LQ
FRPELQDWLRQZLWK35(66RU67($0ORFDOL]DWLRQ WRUHGXFHVSXULRXVRXWHUYROXPHDQGVFDOSOLSLG
VLJQDOV 296VOLFHVDUHDOVRHPSOR\HGWRFUHDWH RID WDUJHW YROXPH RILQWHUHVW WKDW EHWWHU
FRQIRUPV WRWKH EUDLQVKDSHDQGD UHOHYDQWWLVVXHUHJLRQ DVZHOODV DLGLQJWKH RSWLPL]DWLRQ RI
VKLPPLQJDQGZDWHUVXSSUHVVLRQ RYHUD PRUHUHVWULFWHG UHJLRQ)LJXUH
:KLOVWWKH&6'H[SUHVVHGDVWKHGLVSODFHPHQWSHUSSPDVDSHUFHQWDJHRIWKHORFDOL]DWLRQ
ZLGWK &6'UHPDLQVFRQVWDQWIRUDSDUWLFXODUVHTXHQFH DEVROXWH&6'LQFUHDVHV
SURSRUWLRQDOO\ZLWKWKHSUHORFDOL]DWLRQGLPHQVLRQV7KHUHIRUHLQFUHDVHGLQSODQH&6'LVD
VLJQLILFDQWSUREOHPIRU056, ZKHUHORFDOL]DWLRQYROXPHVDUHPXFKODUJHUFRPSDUHGWR696
7\SLFDO'056,35(66LPSOHPHQWDWLRQVDW7KDYHDQLQSODQH &6'RIRYHU  SHUSSP
UHVXOWLQJLQDUHODWLYHGLVSODFHPHQW RI FP EHWZHHQW&KR DQGW1$$ORFDOL]DWLRQYROXPHV IRUD
[ [FP D[LDO35(66YROXPH LQ ERWKWKHOHIWULJKWDQGDQWHULRUSRVWHULRU GLUHFWLRQV
)LJXUH
7KHSKDVHHQFRGLQJORFDOL]DWLRQPHWKRGLVEDVHGRQWKHLQFUHPHQWDODGMXVWPHQWRIWKHVWUHQJWK
RIDQDSSOLHGPDJQHWLFJUDGLHQWILHOGDQGPD\EHDSSOLHGWR056DFTXLVLWLRQVWR FUHDWHD
³VSHFWURVFRSLF´ LPDJH 8QOLNHVOLFHORFDOL]DWLRQ GHVFULEHGDERYH ORFDOL]DWLRQE\SKDVH

HQFRGLQJ GRHVQRWH[KLELW&6' HIIHFWVRUJHRPHWULFDOGLVWRUWLRQVGXHWR% LQKRPRJHQHLW\DQG
DOORZVUHODWLYH PHWDEROLWH VLJQDO IUHTXHQFLHVWREHSUHVHUYHGLQGHSHQGHQW RIVSDWLDOSRVLWLRQ
$OWKRXJKGDWDPDWUL[VL]HVDUHVPDOOLQ056, FRPSDUHGWR05,DFTXLVLWLRQWLPHVEHFRPH
VXEVWDQWLDODVVSDWLDOUHVROXWLRQLQFUHDVHVRULI' GDWD DUHUHTXLUHGHJ RYHUPLQIRU'
056,ZKHQDFTXLULQJDIXOO [ [  PDWUL[ZLWK75 PV 7RUHGXFHDFTXLVLWLRQWLPHV
KLJKHUIUHTXHQF\VSDWLDOFRPSRQHQWVDUHVDFULILFHGE\OLPLWLQJWKHNVSDFHDFTXLVLWLRQWRD
VSKHULFDORUHOOLSWLFDOUHJLRQLQVWHDGRIDUHFWDQJXODURQHZKLFKUHGXFHVPHDVXUHPHQWWLPHE\
IRU'DQGIRU'056,
056,DFTXLVLWLRQSODQQLQJDQGUHVXOWVDUHW\SLFDOO\GLVSOD\HGDVDJULGRIYR[HOVZKHUHWKH
QRPLQDOYR[HOGLPHQVLRQV LQWKHSKDVHHQFRGHGGLUHFWLRQVDUH GHWHUPLQHGE\WKHILHOGRIYLHZ
GLYLGHGE\WKHQXPEHURISKDVHHQFRGLQJVWHSV 8QOLNH696ZKHUHLWFDQEHUHDVRQDEO\
DVVXPHGWKDWPRVWDOPRVWDOO VLJQDORULJLQDWHVIURPWKHSUHVFULEHGYR[HOORFDWLRQ056, ³YR[HOV´
PD\KDYHDVLJQLILFDQWDPRXQWRIVLJQDOFRQWULEXWLRQIURPRXWVLGHWKHGLVSOD\HGJULGERXQGDULHV
RUQRPLQDOYR[HOYROXPHV 7KHSRLQWVSUHDGIXQFWLRQ36)GHVFULEHVSUHFLVHO\KRZWKHVLJQDO
IURPWKHVXUURXQGLQJDUHDFRQWULEXWHVWRDORFDWLRQRQWKH056,JULG)RUSKDVHHQFRGHG056,
WKH36)LVDFRPSOH[VLQF IXQFWLRQDQGWKHUHIRUHWKHVLJQDOZLWKLQDYR[HOLQFOXGHVSRVLWLYHDQG
QHJDWLYHFRQWULEXWLRQVWKDWGHFUHDVHZLWKGLVWDQFHIURPWKHYR[HOFHQWHU )LJXUH SDUWVDDQG
F 6FDOSOLSLGVDUHSDUWLFXODUO\SURQHWRSURGXFLQJVLJQDOV WKDWDUHORFDOLVHGZLWKLQWKH056,JULG
GLVWDQWIURPWKHLUWUXHVSDWLDORULJLQ NQRZQDVVLJQDO³EOHHG´GXHWRWKH056,36) 7KHVH
DUWLIDFWVFDQRIWHQFDXVH VLJQLILFDQWVSHFWUDO GLVWRUWLRQ DQGFRQIRXQG WKH WUXH HVWLPDWLRQRI
PHWDEROLWHDQG OLSLGOHYHOV RULJLQDWLQJIURPEUDLQWLVVXH
056, DFTXLVLWLRQEDVHGVXSSUHVVLRQRIVFDOSOLSLG
6FDOSOLSLGVXSSUHVVLRQPD\DOVREHDFKLHYHGZLWK296IUHTXHQF\VHOHFWLYHVDWXUDWLRQ DQG
LQYHUVLRQUHFRYHU\,5 PHWKRGVHLWKHULQLVRODWLRQRUFRPELQHGZLWK35(66RU67($0
ORFDOL]DWLRQ296LVW\SLFDOO\ DSSOLHGYLDSHUSHQGLFXODUSODQHVWRWKH056,H[FLWDWLRQDUUDQJHG
LQDQRFWDJRQDOSDWWHUQDURXQGWKHVFDOS296PDLQWDLQVWDUJHWUHJLRQVLJQDOVEXWLV
FXPEHUVRPHWRSODQDQGKDVOLPLWHGOLSLGVXSSUHVVLRQHIILFLHQF\7KHLQYHUVLRQUHFRYHU\,5
DSSURDFKZLWKDQRQIUHTXHQF\VHOHFWLYHDGLDEDWLFLQYHUVLRQSXOVHLVUHODWLYHO\LQVHQVLWLYH WR%
LQKRPRJHQHLW\DQGHOLPLQDWHVWKHQHHGIRUFDUHIXO296SUHVFULSWLRQ$GUDZEDFNRI,5OLSLG
VXSSUHVVLRQKRZHYHU LVWKDW 7 UHOD[DWLRQDOVRRFFXUVIRUPHWDEROLWHV LQWKH,5SHULRG
UHVXOWLQJLQXQZDQWHG PHWDEROLWH 7 ZHLJKWLQJDQGVLJQDOORVV DSSUR[LPDWHO\ DW7 WKDW
WKDWLVJUHDWHUWKHVKRUWHUWKHPHWDEROLWH 7)RUPDQ\QHXURORJLFDOGLVRUGHUV LQWUDFHUHEUDO
OLSLGVDUHQRWRILQWHUHVWKHQFHJOREDOOLSLGVXSSUHVVLRQYLD,5 LVLQFRQVHTXHQWLDO KRZHYHU OLSLG
VLJQDOVLQWKHWDUJHWYROXPHDUHLPSRUWDQWGLDJQRVWLFDOO\IRUWXPRUV VWURNH DQGOLSLGPHWDEROLVP
GLVRUGHUV
056, % LQKRPRJHQHLW\
$GHTXDWHVKLPPLQJLVVLJQLILFDQWO\PRUHGLIILFXOWIRU056,FRPSDUHGWR6967KH%
LQKRPRJHQHLW\ PXVWEHFRUUHFWHG RYHUDODUJHUWLVVXHYROXPH DQG % LQKRPRJHQHLW\LQUHJLRQV
FORVHWRWKHVFDOSRUVLQXVHV PD\H[DFHUEDWHDUWLIDFWVGXHWR 36) HIIHFWV:KROHEUDLQ'056,
ZLWKVWDQG QG RUGHUVKLPPLQJPD\KDYH XSWRRIYR[HOVZLWK LQVXIILFLHQWGDWDTXDOLW\ IRU
DQDO\VLV DW 7  % KHWHURJHQHLW\LVVRODUJHDFURVVWKH ZKROH EUDLQWKDWWKHUHTXLUHGVKLP
VWUHQJWK IRURSWLPDO KRPRJHQHLW\LQFUHDVHVE\DQRUGHURIPDJQLWXGHLQJRLQJIURPDVOLFH

DERYHWKHYHQWULFOHVWRWKHWHPSRUDOOREH7KHUHIRUHWKHQHHGIRUDGHTXDWH VKLPPLQJ
KDUGZDUH ZLWKVHFRQGRUGHUVKLPFRLOVDQGDVVRFLDWHGKLJKSRZHUDPSOLILHUV VHHVHFWLRQ
³696VKLPPLQJ´ FRPELQHGZLWK UHOLDEOHVRIWZDUHVKLPPLQJ DOJRULWKPVLV SDUWLFXODUO\LPSRUWDQW
IRU056,
056, SDUDOOHOLPDJLQJ
)RU 056,RYHU ODUJHEUDLQYROXPHVSKDVHGDUUD\KHDG FRLOVSURYLGHLPSURYHGVHQVLWLYLW\ LQ
FRUWLFDOEUDLQUHJLRQV DQGHQDEOH WKHXVHRI SDUDOOHOUHFRQVWUXFWLRQ PHWKRGVVXFKDVVHQVLWLYLW\
HQFRGLQJ6(16( WRLPSURYHVSDWLDOUHVROXWLRQRUUHGXFH VFDQWLPHV3RWHQWLDO DUWLIDFWVIURP
SDUDOOHOLPDJLQJ PHWKRGVLQFOXGHLQFRUUHFWO\ORFDOL]HGVLJQDOV GXHWRWKHLPSHUIHFW
UHFRQVWUXFWLRQZKLFKPD\ QRWEHYLVXDOO\REYLRXV IRUPHWDEROLWHV LQ ORZVSDWLDOUHVROXWLRQ056,
GDWD+RZHYHULQFRUUHFWO\ORFDOL]HGVFDOSOLSLGVVLJQDOV DUH JHQHUDOO\ PRUHQRWDEOH ±
ZKLFK PD\EHVKLIWHGLQIUHTXHQF\ GXHWR % LQKRPRJHQHLW\ DQGDOLDVHGWRREVFXUHPHWDEROLWH
SHDNV$GGLWLRQDOFKDOOHQJHVLQDFFXUDWHUHFRQVWUXFWLRQDUHGXHWRPHWDEROLWHVLJQDOVKDYLQJD
FRQVLGHUDEO\ORZHUFRQFHQWUDWLRQDQGWKHUHIRUH615FRPSDUHGWRZDWHU6HOIFDOLEUDWLRQ
SDUDOOHOLPDJLQJPHWKRGVVXFKDV*HQH5DOL]HG$XWRFDOLEUDWLQJ3DUWLDOO\ 3DUDOOHO$FTXLVLWLRQ
*5$33$KDYHDOVREHHQDSSOLHGWR056, DFTXLVLWLRQ 7KH IXOO LPSDFWRISDUDOOHOLPDJLQJ
PHWKRGVRQ 056, PHWDEROLWHTXDQWLILFDWLRQOHYHOVLVVWLOOXQGHULQYHVWLJDWLRQ 
056, SRVWSURFHVVLQJ
:LWKPXOWLFKDQQHO FRLODFTXLVLWLRQV FRUUHFWLRQVIRUFRLOGHSHQGHQWVLJQDOVWUHQJWKDQGSKDVH
FKDUDFWHULVWLFVIRUHDFKVSHFWUXP PXVWEHPDGHWRFRPELQHWKHGDWD RSWLPDOO\±$Q
056,VFDQRIWKHXQVXSSUHVVHGZDWHUREWDLQHGDWORZVSDWLDOUHVROXWLRQFDQDLG]HURRUGHU
SKDVLQJIUHTXHQF\RIIVHWDQGOLQHVKDSHFRUUHFWLRQVRIWKHPHWDEROLWHVSHFWUDZLWKRXWDPDMRU
WLPHSHQDOW\ :LWKSKDVHGDUUD\FRLOVDQG6(16( DZDWHUUHIHUHQFHVLJQDO IRUPHWDEROLWH
TXDQWLWDWLRQ PD\EHDFTXLUHGDWWKHVDPHVSDWLDOUHVROXWLRQDVWKHPHWDEROLWHVFDQEXWZLWKD
VLJQLILFDQWO\UHGXFHGVFDQGXUDWLRQ DVDQDOWHUQDWLYHWRDORZUHVROXWLRQ DFTXLVLWLRQ 
)ROORZLQJUHFRPELQDWLRQ RIGDWDIURPWKHLQGLYLGXDOFRLOHOHPHQWV ]HURILOOLQJRIWKHNVSDFHGDWD
LV RIWHQ XVHGWRUHGXFHWKHDSSDUHQWYR[HOVL]HDQGSURGXFHVPRRWKHUORRNLQJPHWDEROLWHPDSV
+RZHYHUWKLVVWHSRQO\DPRXQWVWRLQWHUSRODWLRQDQGGRHVQRWUHGXFHWKHHIIHFWVRIWKH36) RU
LQFUHDVHVSDWLDOUHVROXWLRQ6SDWLDOILOWHULQJLVRIWHQDSSOLHGWRUHGXFH *LEEVULQJLQJ DUWLIDFWVIURP
VFDOSOLSLGDQGIURPWUXQFDWLRQDUWLIDFWVDVVRFLDWHGZLWKUHGXFHGNVSDFHDFTXLVLWLRQV 7KLV
DOVRFDXVHVZLGHQLQJRIWKHFHQWUDOOREHRIWKH36)UHVXOWLQJLQLPSURYHG VSHFWUDO615EXW
UHGXFHG VSDWLDOUHVROXWLRQ )LJXUH LOOXVWUDWHVWKHLQIOXHQFHRIWKHFRPPRQO\XVHG+DPPLQJ
ILOWHURQWKH36)IRUW\SLFDO056,DFTXLVLWLRQSDUDPHWHUV 6XEVHTXHQWWRSURFHVVLQJWKH056,
GDWD LQNVSDFH'RU'VSDWLDO)RXULHUWUDQVIRUPDWLRQ LVDSSOLHGWRJHQHUDWHDVHULHVRI),'V
IRUHDFKYR[HO7KHVHPD\EHDQDO\VHGLQWKHWLPH RUIUHTXHQF\GRPDLQZLWKWKHVDPHPHWKRGV
XVHGIRU696RUVLPSO\)RXULHUWUDQVIRUPHGLQWKHFKHPLFDOVKLIWGLPHQVLRQ WRFUHDWHDQDUUD\
RIVSHFWUDIRUDYLVXDODVVHVVPHQW
056, GDWDDQDO\VLV DQGPHWDEROLWHPDSV
'DQG'056,SURGXFHODUJHDPRXQWVRIGDWD DQGUREXVWDXWRPDWHGGDWDSURFHVVLQJWR
JHQHUDWH PHWDEROLWHPDSVLVQHHGHGIRUHDVHRIFOLQLFDOLQWHUSUHWDWLRQ$FTXLVLWLRQVDW 7ZLWK
SKDVHGDUUD\KHDGFRLOVKDYH JUHDWHUVSDWLDOYDULDWLRQ LQUHFHLYHVHQVLWLYLW\WKDQVWXGLHVDW 7

ZLWKTXDGUDWXUHRUELUGFDJHKHDGFRLOGHVLJQVDQGDW 7GLHOHFWULFHIIHFWVFDQFRPSURPLVH5)
WUDQVPLVVLRQ KRPRJHQHLW\+HQFH XVLQJDVHPLTXDQWLWDWLYHDSSURDFKZLWKUHIHUHQFHWR
FRQWUDODWHUDOEUDLQRUDFRLOUHIHUHQFHVDPSOH DUH SUREOHPDWLF 056,PHWDEROLWHFRQFHQWUDWLRQV
FDQEHFDOFXODWHGLI DQ DGGLWLRQDOZDWHUUHIHUHQFHLVDFTXLUHG KRZHYHU WKHDVVRFLDWHG
WLPHSHQDOW\PD\ EHVLJQLILFDQWZKHQXVLQJFRQYHQWLRQDOPHWKRGV VLQFHDOOSKDVHHQFRGLQJ
VWHSVQHHGWREHUHSHDWHG0HWDEROLWHUDWLR PDSVFDQEHPRUHUREXVWWKDQPDSVRI³DEVROXWH´
OHYHOVDOEHLWVHPLTXDQWLWDWLYHLIUHOD[DWLRQHIIHFWVDUHLJQRUHGDVWKH\DUHOHVVVHQVLWLYHWR
WLVVXHSDUWLDOYROXPHHIIHFWVZLWK &6)+RZHYHUSDUWLDOYROXPHHIIHFWVEHWZHHQWLVVXHW\SHV
VXFKDVJUH\DQGZKLWHPDWWHU RUQRUPDODQGGLVHDVHGWLVVXHV  DUHLPSRUWDQWWR
FRQVLGHUZKHQLQWHUSUHWLQJWKHGDWD
056, FDXWLRQVDQGTXDOLW\FRQWURO
$XWRPDWLFDOO\JHQHUDWHGPHWDEROLWHPDSVFDQEHXQUHOLDEOHGXHWRWKHHIIHFWV RISRRUZDWHU
VXSSUHVVLRQOLSLGFRQWDPLQDWLRQDQG% LQKRPRJHQHLW\DQGWKH\DUHDOVRGHJUDGHGE\VXEMHFW
PRWLRQDQGLQDFFXUDFLHVRIVSHFWUDOILWWLQJ7KHUHIRUH TXDOLW\DVVHVVPHQWRI LQGLYLGXDOVSHFWUD
DQGWKHLUILWLVDUHTXLUHGVWHSIRU SURSHULQWHUSUHWDWLRQ+RZHYHUYLVXDOTXDOLW\DVVHVVPHQW LV
RIWHQ LPSUDFWLFDOZLWK056, UHVXOWLQJLQDQHHGIRUDXWRPDWHGPHWKRGVWRH[FOXGHSRRUTXDOLW\
GDWD7KHUHODWLYH &5/%GHULYHGIURPILWWLQJHDFK VSHFWUXPWRDPRGHOIXQFWLRQLVPLVOHDGLQJDV
DQXPHULFHVWLPDWHRIGDWDTXDOLW\LIWKHUHLVDUHDODEVHQFHRIVSHFLILFPHWDEROLWHVRQWKHRWKHU
KDQG JRRG&5/%YDOXHVPD\DOVRDULVHIURPILWWLQJEDGTXDOLW\VSHFWUD LIWKHQRLVHLV
XQGHUHVWLPDWHGDUWLIDFWVDUHSUHVHQW RUWKHILWWLQJPHWKRG KDVFRQYHUJHG WRDQ LQFRUUHFW
VROXWLRQ ORFDOPLQLPXP$OWHUQDWLYHTXDOLW\PHDVXUHVLQFOXGH&5/%YDOXHVIURPDILWWRDFR
ORFDWHGZDWHUVLJQDOXVLQJFRQILGHQFHOLPLWV DQGOLQHZLGWKVIURPVSHFWUDOILWWLQJRI
PHWDEROLWHVRUZDWHUGHWHFWLRQRIRXWO\LQJYDOXHVLQWKHVSHFWUXPDQGXVHRISDWWHUQ
UHFRJQLWLRQWRFODVVLI\SRRUTXDOLW\VSHFWUD$TXDOLW\PDSHQDEOHVHDV\LQWHUSUHWDWLRQ
DWWKHWLPHRIWKHFOLQLFDOUHDGVXFKDV LPSOHPHQWHGLQWKH0,'$6VRIWZDUH VKRZQLQ
)LJXUH1HYHUWKHOHVVDYLVXDODVVHVVPHQWRIVSHFWUDLQNH\ GLDJQRVWLF ORFDWLRQVLV VWLOO
DGYLVDEOHDQGD]RRPHGLQJULGRIWKHUDZVSHFWUDRYHUODLGRQWKH05,RIWKHDEQRUPDOUHJLRQ
DGGVFRQILGHQFHWRDQ\LQWHUSUHWDWLRQRIPHWDEROLWHPDSV
,QDGGLWLRQWRSRRUTXDOLW\GDWDYLVXDOLQWHUSUHWDWLRQRIPHWDEROLWHPDSVFDQSUHVHQWGLIILFXOWLHV
SDUWLFXODUO\DWWKHORZVSDWLDOUHVROXWLRQRI056,DVFRPSDUHGWR05,IRUZKLFKSDUWLDOYROXPH
HIIHFWVFDQEHVLJQLILFDQW+LJKO\LQWHUSRODWHG056,GDWDFDQJLYHDPLVOHDGLQJLPSUHVVLRQRI
VSDWLDOGHWDLODQG36)HIIHFWVUHGXFHWKHDFWXDOVSDWLDOUHVROXWLRQDQGPD\FUHDWHDUWLIDFWXDO
³KRW´RU³FROG´VSRWV% LQKRPRJHQHLW\FDQFDXVHORFDOL]HGVLJQDOORVVZKLFKPD\EHREYLRXVLQ
WHPSRUDOIURQWDOEUDLQUHJLRQVGXHWRSUR[LPLW\WRVLQXVHVEXWFDQDOVRRFFXU LQDUHDVRIEORRG
EUHDNGRZQSURGXFWVRUFDOFLILFDWLRQDQGFORVHWR VXUJLFDOHQWU\SRLQWV HJFUDQLRWRP\VWDSOHV
)LQDOO\PDSVRIPHWDEROLWHUDWLRVFDQLQFOXGHH[FHSWLRQDOO\KLJKYDOXHVEHFDXVH RIDGLYLVLRQE\
DVPDOOPHWDEROLWHYDOXH DQGYLVXDOLQVSHFWLRQLVUHTXLUHGWRLQWHUSUHWWKHVHUHJLRQVFRUUHFWO\
&RQVHQVXV 2SLQLRQDQG5HFRPPHQGDWLRQV
7KHGLVFXVVLRQLQWKHIROORZLQJVHFWLRQVLVEDVHGRQWKHUHVXOWVRIDQ056WHFKQLFDOFRQVHQVXV
VXUYH\FRPSOHWHGE\ H[SHUWVLQ FOLQLFDO056 6XSSRUWLQJ,QIRUPDWLRQVHFWLRQ $ DQG
VXEVHTXHQWGLVFXVVLRQV DPRQJDOODXWKRUV7KHVXUYH\DLPHGWRGHWHUPLQHZKDWFRXOGEH
VSHFLILFDOO\UHFRPPHQGHGDVEHVWSUDFWLFHXVLQJWKHFXUUHQWVWDQGDUGLPSOHPHQWDWLRQVRI+

056DQGWR GHILQHFXUUHQWOLPLWDWLRQVRIVFDQQHUKDUGZDUHDQGVRIWZDUH7KHVXUYH\DOVR
LQGLFDWHG WKHSUDFWLFDO VROXWLRQV WKDW KDYHEHHQGHYHORSHGZLWKLQWKH UHVHDUFKHQYLURQPHQW .H\
DUHDVLQKLELWLQJ WKHPRUHZLGHVSUHDGFOLQLFDOXVHRI056DUH OLPLWDWLRQVLQVKLPPLQJ
DOJRULWKPVWKHSUDFWLFDOLWLHVRIYR[HOSODQQLQJDQG WKHWLPHSHQDOWLHVDVVRFLDWHGZLWKWKHVH
SURFHVVHVDVZHOODV UHOLDEOHGDWDSURFHVVLQJDQGGLVSOD\DOORIWKHVHLVVXHVDUHVLJQLILFDQWO\
H[DFHUEDWHGIRU056,:HLQGLFDWHVROXWLRQVWRWKHVHLVVXHVDQGDOVRSURYLGHJXLGDQFHIRU
UHFRPPHQGHGDFTXLVLWLRQDQGGDWDSURFHVVLQJSURWRFROVZLWKLQWKHFRQWH[WRIFXUUHQWVFDQQHU
FDSDELOLWLHV
696DFTXLVLWLRQ
35(66ORFDOL]DWLRQLVWKHFXUUHQWVWDQGDUGIRU696DQGFRPPHUFLDOO\DYDLODEOHIURP DOOVFDQQHU
PDQXIDFWXUHUV:HUHFRPPHQGDPD[LPXP&6'OHYHORI SHUSSPZKHUHUHODWHVWRWKH
VSDWLDOGLVSODFHPHQWDVDSURSRUWLRQRIWKHVOLFHVHOHFWLRQZLGWK7KLVPD[LPXPUHFRPPHQGHG
OHYHORI&6' LVDFKLHYHGDW  7EXWH[FHHGHGLQVRPHLPSOHPHQWDWLRQVDW 7GXHWR
LQVXIILFLHQW EDQGZLGWKRI FRQYHQWLRQDO 5)SXOVHV UHVXOWLQJIURPDOLPLWHGPD[LPXPWUDQVPLWILHOG
%PD[,QFUHDVHG&6'PDNHVSODQQLQJDQGLQWHUSUHWDWLRQRI696PRUHFKDOOHQJLQJGXHWR
GLIIHUHQWPHWDEROLWHVLJQDOVEHLQJORFDOL]HGWRGLIIHUHQWYROXPHV7KHUHIRUHPHWKRGVWRUHGXFH
&6'ZKLOVWPDLQWDLQLQJJRRG615 VKRUW7(¶VDQGDFFXUDWHORFDOL]DWLRQVKRXOGEHHPSOR\HGWR
DFKLHYHWKHIXOODGYDQWDJHVRIFOLQLFDO056DW 72QHRIWKHILUVWDSSURDFKHVWRUHGXFH&6'
ZDVWKHXVHRI9HU\6HOHFWLYH6DWXUDWLRQ966SXOVHVWKDWKDYHKLJKEDQGZLGWKDQG FDQ
VXSSUHVVDQRXWHUYROXPHVLJQDOZLWKPLQLPDO&6' &RQYHQWLRQDO35(66LVXVHGWRH[FLWH D
ODUJHUDSSUR[LPDWHO\UHJLRQWKDQUHTXLUHGDQG 966SXOVHVUHGHILQHD VPDOOHUUHJLRQ ZLWK
PLQLPDO&6' DPHWKRGNQRZQDV29(535(66
$GLDEDWLFSXOVHV KDYHDVXEVWDQWLDOO\JUHDWHUEDQGZLGWKIRUDJLYHQ%PD[WKDQWKHFRQYHQWLRQDO
UHIRFXVLQJSXOVHVXVHGLQWKH35(66VHTXHQFHDQGZHUHILUVWDSSOLHGWR'VLQJOHVKRW
ORFDOL]HG056LQWKH6$'/29(VHTXHQFH DQG ODWHUHPSOR\HGLQWKHFORVHO\UHODWHG
/$6(5VHTXHQFH 0RUHUHFHQWO\ WKHVHPL/$6(5 ± VHTXHQFH KDVEHHQ
GHYHORSHGUHSODFLQJWKHDGLDEDWLFH[FLWDWLRQSXOVH RI/$6(5 ZLWKRQH FRQYHQWLRQDOVOLFH
VHOHFWLYHH[FLWDWLRQSXOVHWRUHGXFHWKHPLQLPXPDFKLHYDEOH7(+LJKHURUGHUK\SHUEROLFVHFDQW
DGLDEDWLFIXOOSDVVDJH+6RUJUDGLHQWPRGXODWHGRIIVHWLQGHSHQGHQWDGLDEDWLFLW\*2,$SXOVHV
PD\EHXVHGIRUUHIRFXVLQJLQVHPL/$6(5ZLWKWKHODWWHUHPSOR\LQJZLGHEDQGXQLIRUPUDWH
DQGVPRRWKWUXQFDWLRQ:85675)DQGJUDGLHQWZDYHIRUPPRGXODWLRQ7KHDGYDQWDJH
RI*2,$SXOVHVFRPSDUHGWR+6LVDUHGXFHGPD[LPXP% VWUHQJWKUHTXLUHGIRUDJLYHQSXOVH
EDQGZLGWKHQDEOLQJVHPL/$6(5WREHXVHGDWVKRUW7(a PVRQ 7V\VWHPVZLWKD
PD[LPXPDYDLODEOH% VWUHQJWKRI 7 ,QDGGLWLRQ*2,$VHPL/$6(5KDVDUHGXFHG
5)SRZHUGHSRVLWLRQ FRPSDUHGWR+6SXOVHVRIWKHVDPHEDQGZLGWK± HQDEOLQJWKHVHTXHQFHWR
EHXVHGZLWKDVKRUWHU75DQGDWKLJKHUILHOGVWUHQJWKV ZLWKLQVSHFLILFDEVRUSWLRQUDWHV6$5
OLPLWV:KLOVWDGLDEDWLFSXOVHSDLUVRIIHULPSURYHGUHVLOLHQFHWR% LQKRPRJHQHLW\WKHLUSULPDU\
DGYDQWDJHIRU696DW 7LVLQFUHDVHGEDQGZLGWK DQGVOLFHVHOHFWLRQSURILOHVWKHUHE\UHGXFLQJ
&6'WRDFFHSWDEOHOHYHOV$IXUWKHUDGYDQWDJHRIVHPL/$6(5FRPSDUHGWR35(66IRUWKH
VDPH7(LVORQJHUDSSDUHQW 7 UHOD[DWLRQWLPHVDQGSDUWLDOO\VXSSUHVVHG-FRXSOLQJHYROXWLRQ
GXHWRWKH&30*OLNHUHIRFXVLQJSXOVHWUDLQKHQFHWKHHQKDQFHGGHWHFWLRQRIFRPSOH[
PXOWLSOHWVVXFKDVJOXWDPDWH 

2YHUDOOZHUHFRPPHQG WKHXVHRIVHPL/$6(5 GXHWRLWVUHFHQWYDOLGDWLRQVWXGLHV± DQG
LQFUHDVLQJDYDLODELOLW\RQFOLQLFDOV\VWHPVDVERWKUHVHDUFKZRUNLQSURJUHVVVHTXHQFHV DQG
FRPPHUFLDOSURGXFW)LJXUH)XUWKHUPRUHLQRXUFRQVHQVXVVXUYH\VHPL/$6(5ZDVUDQNHG
DVWKHPRVWOLNHO\ORFDOL]DWLRQWHFKQLTXHWRLPSURYHFOLQLFDO056 :HDOVRUHFRPPHQGWKHXVH
RI35(66ZLWK966SXOVHVLIRQO\WKLVRSWLRQLVDYDLODEOHEXWQRWH WKLVRSWLRQODFNVWKHSDUWLDOO\
VXSSUHVVHG-FRXSOLQJHYROXWLRQDQGORQJHUDSSDUHQW 7 UHOD[DWLRQZKHQFRPSDUHGWRVHPL
/$6(5DQGFDQLQDGYHUWHQWO\H[FLWHRUUHIRFXVODUJHVLJQDOVHJVFDOSOLSLGVWKDWDUHGLIILFXOW
WRVXSSUHVV IXOO\
,QJHQHUDOZHUHFRPPHQGWKHVKRUWHVWDFKLHYDEOH7(IRU696DWDQ\ILHOGVWUHQJWKDVVXPLQJ
&6'UHPDLQVZLWKLQWKHDFFHSWDEOHUDQJHRISHUSSPDQGDSSURSULDWHDQDO\VLVPHWKRGVDUH
XVHGWRPRGHOWKHLQFUHDVHGDPSOLWXGHRI PDFURPROHFXODUDQGOLSLGVLJQDOV7KHDGYDQWDJHV RI
XVLQJWKH VKRUWHVWSRVVLEOH7(LQFOXGHLPSURYHG615GXHWRUHGXFHG 7 UHOD[DWLRQPRUH
DFFXUDWHFRQFHQWUDWLRQHVWLPDWLRQGXHWRDUHGXFHGGHSHQGHQFHRQDVVXPHGPHWDEROLWH 7
YDOXHVDQGLPSURYHG615IRU-FRXSOHGPHWDEROLWHVLJQDOVGXHWRUHGXFHGGHSKDVLQJ2WKHU
7(VPD\EHDSSURSULDWHIRULPSURYHGGHWHFWLRQRIVSHFLILFPHWDEROLWHVVXFKDVODFWDWHDODQLQH
DW7( PV RU7( PVIRUK\GUR[\JOXWDUDWH ZLWK35(66 /RQJHUHFKRWLPHVPD\DOVR
EHSUHIHUUHGWRLPSURYHZDWHUDQGOLSLGVXSSUHVVLRQGXHWRWKHLUVKRUWHU 7 FRPSDUHGWR
PHWDEROLWHVRULIRSWLPDOORQJ 7(ELRPDUNHUVDUHWDUJHWHGVXFKDV W&KRW&ULQJOLDOWXPRU
JUDGLQJ  $69675RIVDW7DQGVDW 7LVUHFRPPHQGHG WRSURYLGHWKH
PD[LPXP615SHUXQLWWLPHRQDYHUDJH IRUWKHPDLQPHWDEROLWHVLJQDOVIURPW&KRW&UW1$$
DQGODFWDWH)XUWKHUMXVWLILFDWLRQDQGGLVFXVVLRQ RQWKHFRPSURPLVHEHWZHHQ75615DQG 7
VDWXUDWLRQ PD\EHIRXQGLQVHFWLRQ&)LJXUHV6DQG6LQ WKH6XSSRUWLQJ ,QIRUPDWLRQ
7KHUHFRPPHQGHGQXPEHURIDYHUDJHVIRUW\SLFDOYR[HOGLPHQVLRQVRI[[PP DQG
[[PP IRUDQG 7DUHJLYHQLQ7DEOH$UHGXFWLRQLQYR[HOGLPHQVLRQVUHVXOWVLQD
ORVVRI615DQGWKHUHIRUHDGGLWLRQDODYHUDJHVDUHUHTXLUHG WRDWWDLQVXLWDEOHTXDOLW\GDWD 1RWH
WKDWVLJQDOWRQRLVHVFDOHV ZLWKWKHVTXDUHURRWRIWKHQXPEHURIDYHUDJHV$FFRUGLQJO\DQ
XQDFFHSWDEO\ORQJWLPHLVUHTXLUHGIRUWKHPPVLGHGFXELFYR[HOVWRDWWDLQWKHVDPH615DV
ZLWK WKHPPVLGHGFXELFYR[HOVDQGWKHUHIRUHWKHUHFRPPHQGHGDYHUDJHVUHSUHVHQWD
FRPSURPLVH WKDW UHVXOWV LQDQ615UHGXFWLRQRIIRUWKHVPDOOHUYR[HOVL]H+RZHYHUVLQFH
VKLPPLQJLVJHQHUDOO\LPSURYHGIRUVPDOOHUYR[HOVL]HV VRPHVLJQDOORVVLV PLWLJDWHGE\
QDUURZHUOLQHZLGWKV
,QDGGLWLRQWRZDWHUVXSSUHVVHG GDWDZKLFKDUHUHTXLUHGIRUPHWDEROLWHOHYHOFRQFHQWUDWLRQ
HVWLPDWLRQD PDWFKHGXQVXSSUHVVHGZDWHUUHIHUHQFHDFTXLVLWLRQDFTXLUHGZLWKWKHWUDQVPLW
IUHTXHQF\VHWWRWKHZDWHUUHVRQDQFH LV UHFRPPHQGHGDVSDUWRIDOO696 FOLQLFDOSURWRFROV
6LQFHWKHZDWHUUHVRQDQFHKDVKLJK615FRPSDUHGWRPHWDEROLWHV ZHUHFRPPHQG DFTXLULQJD
VLQJOH DYHUDJHIRUWKHZDWHUVXSSUHVVHGGDWD :KHUHSRVVLEOHDPLQLPXPSHULRGRI VHFRQGV
ZLWKRXW5)H[FLWDWLRQVKRXOGEHHQVXUHGEHIRUHDFTXLVLWLRQWRHVVHQWLDOO\HOLPLQDWH 7 ZHLJKWLQJ
IRUZDWHULQQRUPDODQGSDWKRORJLFDOWLVVXH$VHFRQGGHOD\DOVRHQVXUHV WKH 7VDWXUDWLRQ
VLJQDOORVVLVOHVVWKDQLQ F\VWLFUHJLRQVRU&6)'XPP\VFDQVVKRXOGEHXVHGWRDFKLHYH
DVWHDG\VWDWHLQFDVHVZKHUHWKHUHFRPPHQGHGUHOD[DWLRQSHULRGFDQQRWEHJXDUDQWHHG7KH
ZDWHUVLJQDOPD\EHXVHGWRFRUUHFWIRUHGG\FXUUHQWOLQHVKDSHGLVWRUWLRQV HVWLPDWH%

ILHOGKRPRJHQHLW\DQGIUHTXHQF\RIIVHWHYDOXDWHZDWHUVXSSUHVVLRQTXDOLW\DQGSURYLGH
PHWDEROLWHFRQFHQWUDWLRQ VFDOLQJLQIRUPDWLRQIRUXVHZLWKVKRUW7( DFTXLVLWLRQV 
056,DFTXLVLWLRQ
056,DFTXLVLWLRQVH[FLWHDPXFKODUJHUYROXPHRIWLVVXHFRPSDUHGWR696DQGWKHUHIRUHD
PRUHVWULQJHQWPD[LPXP&6'RI SHUSSP DFURVVWKHVHOHFWHGYROXPH LVUHFRPPHQGHG
&6'OHYHOV JUHDWHUWKDQSHUSSP UHVXOWLQDVLJQLILFDQWORVVRIPHWDEROLWHLQIRUPDWLRQDURXQG
WKHHGJHVRIWKH056,H[FLWDWLRQUHJLRQ PDNLQJLWFKDOOHQJLQJWRREWDLQWKHUHTXLUHGVSDWLDO
FRYHUDJHLQWKHFRUWH[IRUH[DPSOHZKLOVWDOVR DYRLGLQJXQZDQWHGH[FLWDWLRQRIVFDOSOLSLGV ,WLV
UHFRPPHQGHGWKDWHGJHYR[HOVDUHH[FOXGHG IURP GDWDDQDO\VLV :HUHFRPPHQGWKHXVHRI
VHPL/$6(5RYHU35(66IRU 7056,SUHORFDOL]DWLRQGXHWRLWVUHGXFHG&6'OHYHODQG
DGGLWLRQDO UHDVRQVVWDWHGLQWKH696DFTXLVLWLRQVHFWLRQ :KHUH DYDLODEOHWKHXVHRI KLJK
EDQGZLGWKVSDWLDOO\VHOHFWLYHVDWXUDWLRQEDQGV  DUH DOVRUHFRPPHQGHGWRLPSURYH
FRQIRUPDQFHEHWZHHQWKHH[FLWDWLRQ YROXPHDQGWKHUHJLRQRILQWHUHVW E\VXSSUHVVLQJVFDOSOLSLG
UHJLRQVWKDWDUHXQDYRLGDEO\H[LWHGE\WKHSUHORFDOL]DWLRQVFKHPH6WDQGDUG296LVDOVR
UHFRPPHQGHGIRUVXSSUHVVLQJVLJQDOVIURPEUDLQDUHDVZLWKVLJQLILFDQW% LQKRPRJHQHLW\HJ
IURQWDOVLQXVHVWRUHGXFH36)UHODWHGGLVWRUWLRQ VSUHDG $QDUURZHUSRLQWVSUHDGIXQFWLRQ
UHVXOWLQJIURP DFTXLVLWLRQ ZLWK KLJKHULQSODQHUHVROXWLRQLVDOVRUHFRJQL]HGDVDQHIIHFWLYH
VWUDWHJ\IRUUHGXFLQJVFDOSOLSLGFRQWDPLQDWLRQ SURYLGHGWKHH[WUDVFDQWLPHDQGUHGXFHG615
FDQEHWROHUDWHG
)RU'SKDVHHQFRGHG056,ZHUHFRPPHQGWKHXVHRIHOOLSWLFDOVDPSOLQJLQNVSDFHDQG75¶V
RI VDW 7 DQG V DW 7 VHH6XSSRUWLQJ,QIRUPDWLRQVHFWLRQ&7KHSKDVHHQFRGLQJ
ILHOGRIYLHZVKRXOGIXOO\HQFRPSDVVWKHSUHORFDOL]DWLRQYROXPHWRDYRLGDOLDVLQJDQGWKHXVHRI
D[LPDJLQJPDWUL[ZLWK PPLQSODQHUHVROXWLRQDQGVOLFHWKLFNQHVVRI PP LV
UHFRPPHQGHG DVD GHIDXOWSURWRFRO1RWHWKDWWKHUHFRPPHQGHGVSDWLDOFRYHUDJHDQG
UHVROXWLRQSDUDPHWHUVDUH LQWHQGHGDVDVWDUWLQJSRLQW RQO\ DQGPD\QHHGWR EHDGMXVWHGWR
PDWFKWKHGLVHDVHORFDWLRQ H[WHQWDQGFOLQLFDOTXHVWLRQ )RULQVWDQFHLQ WKHFDVHRILQDGHTXDWH
SUHORFDOL]DWLRQ WKHSKDVHHQFRGLQJILHOGRIYLHZ VKRXOGEHLQFUHDVHGWRFRQWDLQUHJLRQVRI
VSXULRXVVLJQDOVWRDYRLGDOLDVLQJ $VZLWK696VKRUW7(¶Va PVDUHUHFRPPHQGHGIRU
056, GXHWRWKHJUHDWHUOHYHORIPHWDEROLWHLQIRUPDWLRQKLJKHU615 DQGUHGXFHG 7 ELDVLQ
FRQFHQWUDWLRQHVWLPDWHV+RZHYHULQDUHDVRIJUHDWHU% LQKRPRJHQHLW\ZKHUHZDWHUDQGOLSLG
VXSSUHVVLRQDUHOHVVHIIHFWLYHORQJHU7(¶VPD\EHQHFHVVDU\ WRUHGXFHZDWHUDQGOLSLGVLJQDOV
UHODWLYHWRPHWDEROLWHV $Q XQVXSSUHVVHG056,ZDWHUVFDQVKRXOGEHDFTXLUHGWRDLGOLQHVKDSH
FRUUHFWLRQ SKDVLQJ FKHPLFDOVKLIWUHIHUHQFLQJ DQGTXDQWLWDWLRQ6LQFHDQDGGLWLRQDO 056,ZDWHU
DFTXLVLWLRQGRXEOHVWKHHIIHFWLYHVFDQWLPHIRU056,DWWKHVDPHVSDWLDOUHVROXWLRQ XQOLNH696
D UHGXFHGUHVROXWLRQDFTXLVLWLRQ RUSDUDOOHOLPDJLQJ  DSSURDFK PD\EHXVHGWRPLWLJDWH WKH
DVVRFLDWHGWLPHSHQDOW\ IRUDFTXLULQJWKHXQVXSSUHVVHGZDWHU056,
:KLOVW'SKDVHHQFRGHG056,ZLWKSUHORFDOL]DWLRQLVFXUUHQWO\WKHPRVWFRPPRQO\XVHG
056,WHFKQLTXHLQWKHFOLQLFDOHQYLURQPHQWWKHUHLVVWURQJ LQWHUHVWLQWKHGHYHORSPHQWRIUREXVW
ZKROHEUDLQ056,ZLWKLQ DFOLQLFDOO\IHDVLEOH DFTXLVLWLRQWLPH,QDGGLWLRQWRWKHREYLRXV
DGYDQWDJHVIRUVWXG\LQJGLVHDVHVWKDWDUHNQRZQWRLPSDFWPXOWLSOHEUDLQDUHDVVXFKDV
QHXURGHJHQHUDWLRQ WKHDELOLW\ WRSODQD056,DFTXLVLWLRQDVHDVLO\DVVWDQGDUG05,LH
ZLWKRXWKDYLQJWRSUHVHOHFWDUHJLRQRILQWHUHVWZLOOLPSURYHGDWDFRQVLVWHQF\DQGDFFHSWDQFHLQ

FOLQLFDOFHQWHUV7KHXVHRISUHORFDOL]DWLRQ DOVR VLJQLILFDQWO\UHVWULFWVVSDWLDOFRYHUDJHLQ
SDUWLFXODU PDNLQJLWYHU\GLIILFXOWWRVWXG\FRUWLFDOUHJLRQVQHDUWR WKHVXUIDFHRIWKHEUDLQ8VLQJ
FRQYHQWLRQDOSKDVHHQFRGLQJ '056,LVRQO\SUDFWLFDOIRUOLPLWHGEUDLQUHJLRQVZKHQWKHUHLV
WKHRSWLRQRIKLJKO\HIILFLHQWRXWHUYROXPHVXSSUHVVLRQ)RULQVWDQFHWKHXVHRI966 SXOVHV 
RUD' [[056, PDWUL[ RIPP LVRWURSLF YR[HOV SURYLGHVJRRGTXDOLW\GDWD LQPLQIRU
75 PVDQGDIXOONVSDFHDFTXLVLWLRQ)RUZKROHEUDLQH[DPLQDWLRQ '056,LV
SURKLELWLYHO\WLPHFRQVXPLQJWKHUHIRUHDQXPEHURIIDVWDFTXLVLWLRQPHWKRGVKDYHEHHQ
GHYHORSHGE\WKHUHVHDUFKFRPPXQLW\
7KHPRVWFRPPRQO\XVHGZKROHEUDLQ056,DFTXLVLWLRQLV WKH(FKR 3ODQDU6SHFWURVFRSLF
,PDJLQJ(36,WHFKQLTXH ±ZKHUH DQRVFLOODWLQJUHDGRXWJUDGLHQWJHQHUDWHVDQHFKR
WUDLQHQFRGLQJDIXOOSODQHRINVSDFHIRUHDFKH[FLWDWLRQ:KHQDSSOLHGWRWKHSURWRQQXFOHXV
WKHDFURQ\P3(36,3URWRQ(FKR 3ODQDU6SHFWURVFRSLF,PDJLQJLVDOVRXVHGWRGHVFULEHWKH
VDPHVHTXHQFH KRZHYHUZHJHQHUDOO\UHFRPPHQGWKHXVHRIWKHPRUHJHQHULFWHUP
(36,7KHFKHPLFDOVKLIWDQGRQHVSDWLDOGLPHQVLRQDUHVLPXOWDQHRXVO\ HQFRGHGGXULQJWKH
JUDGLHQWHFKRUHDGRXWDQGSKDVHHQFRGLQJLVXVHGIRUWKHWZRUHPDLQLQJVSDWLDOGLPHQVLRQV
5HFHQW LPSOHPHQWDWLRQVRI(36,HLWKHUXVHZKROHVOLFHVODE DFTXLVLWLRQZLWKRXWHUYROXPH
VXSSUHVVLRQ  RUZKROHEUDLQDFTXLVLWLRQZLWKOLSLGLQYHUVLRQQXOOLQJDQGSRVWDFTXLVLWLRQ
NVSDFHH[WUDSRODWLRQ  WRVLJQLILFDQWO\UHGXFHVFDOSOLSLGFRQWDPLQDWLRQ,QDGGLWLRQDQ
LQWHUOHDYHGZDWHUDFTXLVLWLRQLVXVHGWRLPSURYHUHFRQVWUXFWLRQLQWKHSUHVHQFHRI%
LQKRPRJHQHLW\DQGGULIWDQGWR SURYLGHDUHIHUHQFHVLJQDOIRUPHWDEROLWHFRQFHQWUDWLRQVFDOLQJ
8QOLNHPDQ\RWKHU056,DSSURDFKHVWKHZKROHEUDLQ '(36,VHTXHQFHKDVEHHQ
LPSOHPHQWHGDQGWHVWHGRQLQVWUXPHQWVIURPWKUHHPDQXIDFWXUHUVZLWKHQFRXUDJLQJFRQVLVWHQF\
DFURVV VLWHV 7KHPDLQDGYDQWDJHVRIWKLVVHTXHQFHDUHJUHDWHUFRYHUDJHRIWKHFHUHEUXP
DQGVLPSOHUSODQQLQJ7KLVVHTXHQFHKDVEHHQUHSRUWHGWRVDPSOH RQDYHUDJHDSSUR[LPDWHO\
RIWKHEUDLQYROXPH DOWKRXJKZLWKLQVWUXPHQWDWLRQGHSHQGHQWGLIIHUHQFHV 5HFHQW
7VWXGLHVXVLQJZKROHEUDLQ'(36, KDYHEHHQDEOHWRDFKLHYHDQ DFTXLVLWLRQWLPHRIPLQ
ZLWKD 7(RI PVZKLFKPD\EHDFFHSWDEOHIRUFOLQLFDOWULDOVDQGVRPHVSHFLDOL]HGFOLQLFDO
DVVHVVPHQWV  6KRUWHUVFDQWLPHVDUHIHDVLEOHXVLQJ SDUWLDOEUDLQ'(36, 
$QDOWHUQDWLYHDSSURDFKIRU ZKROHEUDLQ056,LVWRFRPELQH PHGLXPUHVROXWLRQ(36,HQFRGLQJ
 PPLVRWURSLFZLWK29(535(66ORFDOL]DWLRQ DQGDXWRPDWLFDOO\SUHVFULEHG966EDQGV
7KLVVHTXHQFHLVUHODWLYHO\IDVWWRDFTXLUHPLQDQGGRHVQRWUHTXLUHOLSLGLQYHUVLRQ
QXOOLQJZKLFKDOVRVXSSUHVVHVSRWHQWLDOO\XVHIXOOLSLGVLJQDOVRULJLQDWLQJIURPSDWKRORJ\,Q
DGGLWLRQWKHDXWRPDWHGSUHVFULSWLRQRIWKLVVHTXHQFHLVPXFKPRUHSUDFWLFDOIRUFOLQLFDOXVH
ZKHQFRPSDUHGWRPDQXDOO\SUHVFULELQJ35(66YROXPHVLQFRPELQDWLRQZLWKVDWXUDWLRQSXOVHV
DQGVKLPYROXPHV7KLVDSSURDFKKDVEHHQWHVWHGRQDFOLQLFDOFRKRUWRIEUDLQWXPRU SDWLHQWV
ZLWKHQFRXUDJLQJUHVXOWV 
&RQVLGHUDEOHSURJUHVVWRZDUGVUREXVWZKROHEUDLQ 056,KDVEHHQPDGHLQUHFHQW\HDUVDQGD
ZLGHUDQJHRIWHFKQLTXHVKDYHEHHQGHPRQVWUDWHGWRSURYLGHKLJKDFFHOHUDWLRQ $W
WKHWLPHRIZULWLQJZHZHUHXQDEOHWRUHFRPPHQGRQHZKROHEUDLQ056,DSSURDFKRYHUDQRWKHU
DQGLGHQWLI\ DQHHGIRUFRPSDUDWLYHVWXGLHVWRDVVHVVWKHUHODWLYHSHUIRUPDQFHRIWKHYDULRXV
DSSURDFKHV

696DQG056,SUHSURFHVVLQJDQGDQDO\VLV
)XOO\DXWRPDWHGDQDO\VLVPHWKRGV ZKLFKSHUIRUPSKDVHFRUUHFWLRQFKHPLFDOVKLIWFDOLEUDWLRQ
DQGTXDQWLWDWLYHDQDO\VLVRIPHWDEROLWHVLJQDOV KDYHEHHQDYDLODEOHIRU\HDUV DQGDUH
VWURQJO\UHFRPPHQGHGIRU056DQDO\VLV$FKRLFHRIFRPPHUFLDOO\OLFHQVHG /&0RGHO 
IUHHM058, DQGRSHQVRXUFHHJ7$548,10,'$66,9,&9H63$
KWWSVFLRQGXKVGXNHHGXYHVSD VRIWZDUHSDFNDJHV KDYHEHHQGHYHORSHG SUHGRPLQDQWO\E\
WKHUHVHDUFKFRPPXQLW\ DQGDUH DYDLODEOHIRURIIOLQHGDWDYLVXDOL]DWLRQDQGDQDO\VLV $QDO\VLV
PHWKRGVDYDLODEOHRQWKHVFDQQHUVRIWZDUHDUHW\SLFDOO\LQIHULRUWRWKRVHXVHGLQGHGLFDWHG
VRIWZDUHSDFNDJHVDQGDQLPSURYHPHQWLQWKLVDUHDZRXOGJUHDWO\EHQHILWFOLQLFDO056 7KHUHLV
FXUUHQWO\QRFOHDUFRQVHQVXVRQWKHEHVWDQDO\VLVDOJRULWKPIRUXVHLQDOOFDVHVKRZHYHUD
FRPPRQIHDWXUHRI WKHPRVWZLGHO\XVHGPHWKRGVLVWKHXVHRIDTXDQWXPPHFKDQLFDOO\
VLPXODWHG VHWRIPHWDEROLWHVSHFWUDEDVLVVHW LQWR WKHILWWLQJURXWLQH 0RGHOHG OLSLGVLJQDOVDQG
PRGHOHGRUPHDVXUHG PDFURPROHFXODUVLJQDOV FDQEHLQFOXGHGLQWKHEDVLVVHWZKHQ
DSSURSULDWH HJ VKRUW7(SURWRFROVRULQYHVWLJDWLRQV RISDWKRORJLHVZLWKK\SR[LFQHFURWLF
SURFHVVHVVXFKDVVWURNHDQGWXPRUV
7KHM058,7$548,1DQG9H63$SDFNDJHVKDYHPHWDEROLWHEDVLVVLPXODWLRQLQWHJUDWHGLQWR
WKHDQDO\VLVVRIWZDUH ,QWKHFDVHRIM058,PHWDEROLWHVLPXODWLRQLVSHUIRUPHGXVLQJWKH
1056&23(% PHWKRGDQG9H63$PDNHVXVHRIWKH*$00$OLEUDU\7KH),'$
SDFNDJHDOVRSURYLGHVWRROVWRVLPXODWHPHWDEROLWHEDVLVVHWVLQDGGLWLRQWRSUHSURFHVVLQJVWHSV
DQGGDWDH[SRUWRSWLRQVIRU ILWWLQJWREHSHUIRUPHGZLWKRWKHUVRIWZDUH:H UHFRPPHQGWKH
XVHRIDQDO\VLVPHWKRGVEDVHGRQILWWLQJZLWKVLPXODWHGPHWDEROLWHEDVLVVHWV RYHUVLQJOHSHDN
PRGHOOLQJRUVSHFWUDOLQWHJUDWLRQVLQFHVLPXODWHGEDVLVVHWVFRQYHQLHQWO\ LQFRUSRUDWH DJUHDWHU
OHYHORISULRUNQRZOHGJH LQWRWKHILWWLQJSURFHVVZKLFKFDQEHHDVLO\DGDSWHG WRPDWFK
WKHDFTXLVLWLRQSURWRFRO
4XDOLW\DVVHVVPHQWPXVWEH DQLQWHJUDOSDUWRI056DQDO\VHVVLQFHGLVWRUWHGRUSRRUO\ILWGDWD
OHDGVGLUHFWO\WRHUURQHRXVUHVXOWV0HWDEROLWH615DQGOLQHZLGWKHVWLPDWHVDUHUHFRPPHQGHG
DVREMHFWLYHPHDVXUHVRIGDWDTXDOLW\ $QXPEHURIVSHFWUDO615GHILQLWLRQVKDYHEHHQ
GHVFULEHGIRU056+HUHZHUHFRPPHQGWKHVLJQDOPHDVXUHEHGHILQHGDVWKHKHLJKWRIWKH
ODUJHVWPHWDEROLWHGDWDSRLQWLQWKHUHDOSDUWRIWKHVSHFWUXPPLQXVWKHILWWHGEDVHOLQHDWWKDW
SRLQWDQGWKHQRLVHPHDVXUHDVWZRWLPHVWKHVWDQGDUGGHYLDWLRQRIWKHVSHFWUDOGDWDSRLQWVLQD
UHJLRQIUHHIURPPHWDEROLWHVLJQDOVUHVLGXDOZDWHURURWKHUVSHFWUDOGLVWRUWLRQV :KLOVWRWKHU
PHDVXUHVRIVSHFWUDO615 DUHDFFHSWDEOHUHSRUWHGYDOXHVVKRXOGEHDFFRPSDQLHG E\D
GHILQLWLRQWRDYRLGDPELJXLW\ IRULQVWDQFHWKHFXUUHQWYHUVLRQRIWKH/&0RGHO  DQDO\VLV
SDFNDJHGHILQHVWKHQRLVHDVWZRWLPHVWKHVWDQGDUGGHYLDWLRQRIWKHILWUHVLGXDO/LQHZLGWK
HVWLPDWHV):+0DUHDOVRXVXDOO\PHDVXUHGLQXQLWVRI+]RUSSP IURPWKHUHDOSDUWRIWKH
SKDVHGVSHFWUXPDQGDUHW\SLFDOO\GHULYHGIURPWKHPRVWSURPLQHQWVLQJOHWPHWDEROLWH RU
XQVXSSUHVVHGZDWHUUHVRQDQFH:KLOVWXQLYHUVDOJXLGHOLQHVIRU DFFHSWDEOH 056GDWDTXDOLW\DUH
FKDOOHQJLQJ GXHWRWKHKHWHURJHQHRXVPHWDEROLWHSURILOHVRI GLVHDVHVDQG ZLGHUDQJHRI
DFTXLVLWLRQSURWRFROVVSHFWUDZLWK):+0JUHDWHUWKDQ  SSPVKRXOGEHUHJDUGHGDVEHLQJRI
SRRUTXDOLW\$PLQLPXPPHWDEROLWH615RILVUHFRPPHQGHGWR FRQILUPWKHSUHVHQFHRID
SDUWLFXODUVLQJOHWKRZHYHUJUHDWHUPHWDEROLWH615YDOXHVDUHUHTXLUHGIRUDFFXUDWH
TXDQWLILFDWLRQ RUGHWHFWLRQRIFRXSOHGPXOWLSOHWV ([DPSOHVSHFWUDZLWKGLIIHUHQW615DQG):+0
YDOXHVDUHVKRZQLQ)LJXUH

:KLOVW615DQGOLQHZLGWKFULWHULDDUHXVHIXOIRUEDVLFTXDOLW\DVVHVVPHQWDYLVXDOLQVSHFWLRQRI
ILWWLQJUHVXOWVUHPDLQVLPSRUWDQWVLQFHDQDO\VLV HUURUVDQG GDWD DUWLIDFWVPD\SURGXFHXQUHDOLVWLF
YDOXHV)XUWKHUPRUHWKHVHYDOXHVGRQRWUHOLDEO\GHWHFWDQXPEHURITXDOLW\LVVXHVVXFKDV
XQVWDEOH RUXQUHDOLVWLF EDVHOLQH HVWLPDWHVGXULQJILWWLQJRURXWRIYROXPHOLSLGFRQWDPLQDWLRQ 7R
DLGYLVXDODVVHVVPHQWZHUHFRPPHQGWKDWWKHDQDO\VLVRXWSXW LQFOXGHVSORWV RIWKHSKDVHG
VSHFWUDZLWKWKHILW DQG HVWLPDWHGEDVHOLQHDQGUHVLGXDOIRUUHWURVSHFWLYHYLVXDODVVHVVPHQWRI
WKHGDWD H[DPSOHJLYHQLQ)LJXUHZLWKWKHRSWLRQDODGGLWLRQRILQGLYLGXDOEDVLVVLJQDOV)RU
696DTXLFNYLVXDODVVHVVPHQWRI WKHGDWDDQGILWTXDOLW\FDQEHHDVLO\SHUIRUPHGE\VRPHRQH
ZLWKDEDVLFXQGHUVWDQGLQJRI056DQGFRPPRQDUWLIDFWV   DQGWKLVDSSURDFKLVVXLWDEOHIRU
WKHFOLQLFDOHQYLURQPHQW +RZHYHUIRU056,ZKHUHKXQGUHGVRIVSHFWUDDUHW\SLFDOO\DFTXLUHGLQ
DVLQJOHVFDQYLVXDODVVHVVPHQWLVRIWHQLPSUDFWLFDODQGWKHUHLVJUHDWLQWHUHVWLQGHYHORSLQJ
DXWRPDWHGTXDOLW\DVVHVVPHQW2QHRI WKHILUVWDSSURDFKHVEDVHGRQWKHFODVVLILFDWLRQRI
LQGHSHQGHQWVSHFWUDOFRPSRQHQWV ZDVIRXQGWRSURYLGHDJUHHPHQWZLWKH[SHUW
VSHFWURVFRSLVWV¶HYDOXDWLRQV 0RUHUHFHQWO\PHWKRGVEDVHGRQUDQGRPIRUHVWFODVVLILFDWLRQ
RIVSHFWUDOGDWD  DQGIHDWXUHVH[WUDFWHGIURPWKHWLPHDQGIUHTXHQF\GRPDLQ  KDYH
DOVREHHQVKRZQWRSURYLGHKLJKDJUHHPHQWZLWKH[SHUWDVVHVVPHQW:KLOVWWKHVHWHFKQLTXHV
DUHDQLPSRUWDQWVWHSWRZDUGVIXOO\DXWRPDWHG0564&WKHLUDSSOLFDELOLW\DFURVVGLIIHUHQW
VFDQQHUVH[SHULPHQWDOSURWRFROVDQGFOLQLFDOVFHQDULRVUHTXLUHVIXUWKHULQYHVWLJDWLRQ
3ULRUWR696ILWWLQJHGG\FXUUHQWFRUUHFWLRQXVLQJWKHXQVXSSUHVVHGZDWHUUHIHUHQFH LV
UHFRPPHQGHGWRUHGXFHPHWDEROLWHVLJQDO OLQH VKDSHGLVWRUWLRQV 7KHUHLVDOVRDQ
LQFUHDVLQJWUHQGWRZDUGV UHWURVSHFWLYH IUHTXHQF\DQGSKDVHFRUUHFWLRQRIHDFKDYHUDJH DQG
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ORFDOL]DWLRQ PPVLGHGFXELFYR[HODYHUDJHV 7(  PVDQG75  V 3DUDPHWULFILWWLQJ
ZDVSHUIRUPHGZLWKWKH7$548,1DOJRULWKP XVLQJDVLPXODWHGEDVLVVHWRIPHWDEROLWHOLSLG
DQGPDFURPROHFXOHVLJQDOV$OWKRXJK D JUHDWHUOHYHORIVSHFWUDOGHWDLOLVDYDLODEOH ZKHQ
FRPSDUHGWR 7 SDUWLFXODUO\IRUVWURQJO\-FRXSOHGPHWDEROLWHV VXFKDV*OXDQGP,GDWD
TXDOLW\LVKLJKO\ GHSHQGHQWRQDFKLHYLQJJRRGVKLPPLQJ)RUWKLVH[DPSOHDPHWDEROLWH):+0
RISSP DQG615RIZHUH DFKLHYHGZKHUHWKH):+0ZDVPHDVXUHGIURPWKHKLJKHVW
PHWDEROLWHVLJQDOW&KR *3&3&KIROORZLQJEDVHOLQHVXEWUDFWLRQ615ZDVFDOFXODWHGDVWKH
UDWLREHWZHHQWKHKLJKHVWEDVHOLQHVXEWUDFWHG PHWDEROLWHVLJQDOLQWHQVLW\DQGWZRWLPHVWKH
VWDQGDUGGHYLDWLRQRIWKHQRLVHOHYHO HVWLPDWHGIURPDVSHFWUDOUHJLRQ IUHH IURPPHWDEROLWH
VLJQDOV
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)LJXUH&RPSDULVRQRIYHQGRUVXSSOLHG056LPSOHPHQWDWLRQRI 35(66 YVDQDGYDQFHGLQ
KRXVHSURWRFRO XVLQJVHPL/$6(5 DQGLPSURYHGZDWHU VXSSUHVVLRQVKLPPLQJDQGGDWD
SURFHVVLQJRQD 705,V\VWHP6SHFWUD7(  PV75  VWUDQVLHQWVZHUHDFTXLUHG
IURPWKHVDPHYR[HOLQWKHFHUHEHOODUYHUPLVRIDKHDOWK\YROXQWHHU$:DWHUZDVVXSSUHVVHG
E\aIROGE\WKH&+(66 VHTXHQFHLQWKH35(66SURWRFRO DQGaIROGE\WKH9$325
VFKHPH LQFRUSRUDWHGLQWRWKHVHPL/$6(5VHTXHQFH%&6'IRUUHVRQDQFHVZLWKD
FKHPLFDOVKLIWGLIIHUHQFH RI SSPLVZLWKWKH35(66VHTXHQFHYVZLWKWKHVHPL
/$6(5VHTXHQFHLQ WKHWZRGLPHQVLRQVVKRZQ&1DUURZHUOLQHZLGWKVVKRZQIRUWKHW&U
VLJQDODUHREWDLQHGZLWK)$670$3VKLPPLQJ LQFRQMXQFWLRQZLWKVLQJOHVKRWIUHTXHQF\	
SKDVHFRUUHFWLRQLQWKHVHPL/$6(5 SURWRFRO YVSURGXFW VKLPPLQJDQGVLJQDODYHUDJLQJLQWKH
35(66SURWRFRO LQWKHDEVHQFHRIPRWLRQGXULQJVFDQQLQJ'6PDOODPRXQWRIPRWLRQIHZ
GHJUHHVLQ]VXFK WKDWWKHFHUHEHOODUYROXPHRILQWHUHVWZDVVWLOODFFHSWDEOHDWWKHH[WUHPHVRI
PRWLRQIXUWKHUGHJUDGHVOLQHZLGWKVDQGJHQHUDWHVXQZDQWHGFRKHUHQFHVWKDWDUHQRWUHPRYHG
ZLWKSKDVHF\FOLQJLQWKH35(66SURWRFRO KLJKOLJKWHGE\WKHFLUFOHZKLOHVSHFWUDOTXDOLW\LV
XQFKDQJHGZLWKDQDFFHSWDEOHZDWHUUHVLGXDOLQWKHVHPL/$6(5SURWRFROWKDQNVWRDUWLIDFWIUHH
VLQJOHVKRWVDQGIUHTXHQF\	SKDVHFRUUHFWLRQRILQGLYLGXDOVKRWV
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)LJXUH'056,ERWWRPOHIW7(  PV75  VERWWRPULJKW7(  PV 75  V
DFTXLUHGDW7IURPDSDWLHQWZLWKJOLREODVWRPD%RWKVFDQVKDGDQRPLQDOYR[HOUHVROXWLRQRI
FP DQG +]VSHFWUDODSRGL]DWLRQZDVDSSOLHG7KH35(66H[FLWDWLRQYROXPH \HOORZ
UHFWDQJOH DQG966RXWHUVXSSUHVVLRQEDQGV VKDGHGSXUSOH DUH VKRZQLQWKHWRSSDQHO
%RWKWKH35(66YROXPHDQG966RXWHUVXSSUHVVLRQEDQGVZHUHDXWRPDWLFDOO\SUHVFULEHGXVLQJ
LQKRXVHVRIWZDUH *RRGTXDOLW\VSHFWUD IURPWKHUHGJULGGHGUHJLRQ WRS RIVOLFHVFORVH
WRWKHFHQWHURIWKH35(66ER[DUHKLJKOLJKWHGIRU ERWKORQJ DQGVKRUW HFKR WLPHVERWWRP

)LJXUH'35(66&6,DFTXLUHGDW7LQDKHDOWK\YROXQWHHUXVLQJ75 PV7( PV
DQGHOOLSWLFDOVDPSOLQJIURPD[NVSDFHJULGZLWKQRPLQDOYR[HOVL]H RI [[PP
DQGPLQXWHDFTXLVLWLRQWLPHLQFOXGLQJDUHGXFHGVSDWLDOUHVROXWLRQZDWHUUHIHUHQFHIRU]HUR
RUGHUSKDVLQJ6SHFWUDOGDWDDUH VKRZQRYHUWKHUDQJH RI WRSSPIRUWKHFHQWUDO[ 
YR[HOVDQGWKH35(66ORFDOL]DWLRQYROXPHZDVSUHVFULEHGDVWKHRXWHUHGJHRIWKHJULG ZLWKWKH
WUDQVPLWWHUIUHTXHQF\VHWWRWKHH[SHFWHGIUHTXHQF\RIWKHW1$$UHVRQDQFHDWSSP
6SHFWUDZHUHDQDO\VHGZLWK/&0RGHODQGWKH PHWDEROLWHPDSVVKRZQLQDIDOVHFRORXUVFDOH
QRUPDOLVHGWRDPD[LPXP 1RWHWKDWWKH35(66YROXPHHGJHLVGHILQHGDWWKH]HUR
H[FLWDWLRQOHYHOKHQFHWKHORZHUW1$$VLJQDOLQDOORXWHUYR[HOV7KHUHDUHPXFKJUHDWHU
UHGXFWLRQVLQW&KRDQGW&ULQWKH WRSURZVDQGULJKWFROXPQVGXHWR&6'UHODWLYHWRW1$$ZKLFK
ZDVWKHPHWDEROLWHVHWRQUHVRQDQFH IRU WKH35(66ORFDOL]DWLRQ7KXVWKH DEVROXWHVLJQDO
LQWHQVLW\LVPRGXODWHGE\WKHQRQXQLIRUPLW\RIWKH35(66H[FLWDWLRQDQGIXUWKHUFRQYROYHGZLWK
WKH&6'HIIHFWZKHQPHWDEROLWHUDWLRVDUHXVHG
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)LJXUH 7KH'SRLQWVSUHDGIXQFWLRQ36)IRUSKDVHHQFRGHG056, ZLWKSRLQWV SDUWD
DQGZLWKUHGXFHGVSDWLDOVLJQDOVSUHDGDQGUHVROXWLRQZKHQDSSO\LQJD+DPPLQJNVSDFHILOWHU
SDUWE7KH36)RIWKHPRUHFRPPRQO\XVHG [ FLUFXODUO\VDPSOHG'SKDVHHQFRGLQJ
VFKHPHIRU056,LVLOOXVWUDWHGLQSDUWFDQG WKH FRUUHVSRQGLQJ+DPPLQJILOWHUHG36) LQSDUWG
$ QRPLQDOUHVROXWLRQRIFP DQGFPILHOGRIYLHZ ZDVXVHGIRUDOOSORWV 'XHWRWKH36)DQG
LWVILOWHULQJWKHHIIHFWLYHYR[HOVL]HLVFRQVLGHUDEO\ODUJHUWKDQWKHQRPLQDOYR[HOVL]H

)LJXUH,OOXVWUDWLRQRIVSHFWUDOTXDOLW\PDSVJHQHUDWHGE\WKH0,'$6VRIWZDUHSDFNDJH
D7ZHLJKWHG05,FRUUHVSRQGLQJWRWKHVHOHFWHG056,VOLFHVE7KHUDZW1$$VLJQDOLQWHQVLW\
PDSF7KHVSHFWUDOTXDOLW\PDSVKRZLQJUHJLRQVWKDWSDVVHGWKHTXDOLW\FULWHULDIRUPHWDEROLWH
OLQHZLGWK SSPLQZKLWH5HJLRQVWKDWIDLOHGPHWDEROLWHOLQHZLGWKTXDOLW\FULWHULDEXWSDVVHG
ZDWHUUHIHUHQFHOLQHZLGWKFULWHULDDUHVKRZQLQPLGJUH\DQGUHJLRQVWKDWIDLOHGERWKOLQHZLGWK
FULWHULDDUHVKRZQLQGDUNJUH\G7KH W1$$PDSZLWKWKHLGHQWLILHGSRRUTXDOLW\YR[HOVVHWWR
]HUR 1RWHWKHVLJQDOGURSRXWLQPXFKRIWKHDQWHULRUFLQJXODWHFRUWH[ UHODWHGWRLQVXIILFLHQW
VKLPPLQJFORVHWRDLUWLVVXHLQWHUIDFHVVLQXVHVHDUFDQDOV 'DWDZHUH REWDLQHGXVLQJ
YROXPHWULF ' (36, +056,ZLWKOLSLGLQYHUVLRQQXOOLQJDW77(757, PV
 [  [ NVSDFHSRLQWVRYHU [  [ PPWRWDODFTXLVLWLRQGXUDWLRQPLQXWHV

)LJXUH6LPXODWHG³QRUPDOEUDLQ´VSHFWUD IRUDW\SLFDO35(66DFTXLVLWLRQDW 77(  PV
GDWDSRLQWVDQG +]VDPSOLQJIUHTXHQF\615DQG):+0YDOXHVDUHJLYHQIRUWKH
ODUJHVWVLQJOHWUHVRQDQFHW1$$
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)LJXUH6 $VHOHFWLRQRIH[DPSOHVSHFWUDGHPRQVWUDWLQJWKHIROORZLQJIHDWXUHVDJRRG
VKLPPLQJEDFFHSWDEOHVKLPPLQJFSRRUVKLPPLQJDQGZDWHUVXSSUHVVLRQGRXWRIYROXPH
OLSLGFRQWDPLQDWLRQH³JKRVW´DUWHIDFWDQGIYHU\SRRUVKLPPLQJDQGZDWHUVXSSUHVVLRQ
)XUWKHUH[DPSOHVRISRRUVSHFWUDPD\EHIRXQGLQ
)LJXUH6 696SODQQLQJZLWKPRGHUDWHFKHPLFDOVKLIWGLVSODFHPHQW,QFRUUHFWDDQGLPSURYHG
FYR[HOSODQQLQJE\ UHYHUVDORIWKHJUDGLHQWSRODULW\LQWKHOHIWULJKWGLUHFWLRQFRUUHVSRQGLQJ
VSHFWUDDUHVKRZQLQEDQGG/LSLGDQGPHWDEROLWHH[FLWDWLRQUHJLRQVDUHVKRZQLQFUHDP
DQGRUDQJHUHVSHFWLYHO\
)LJXUH6 7KHHIIHFWRI75RQWKHVLJQDOWRQRLVH615SHUXQLWWLPHGXHWR7VDWXUDWLRQ
UHODWLYHWRWKDWDW75 PV 2QDYHUDJHDFURVV WKHIRXUPHWDEROLWHFXUYHVVKRZQWKH
PD[LPXP615SHUXQLWWLPHLVFORVHWR PVDW 7DQG PVDW 70HWDEROLWH7
YDOXHVXVHGDUHDYHUDJHYDOXHVIURPGLIIHUHQWQRUPDOEUDLQUHJLRQVDFTXLUHGZLWKH[DFWO\WKH
VDPHDFTXLVLWLRQ DQGSURFHVVLQJSURWRFRODWERWK 7DQG 7W&KR PVW&U
PVW1$$ PV$ODFWDWH7RI PVDW 7IRUKLJKJUDGH
JOLRPDVZDVXVHG DQGWKLVYDOXHVFDOHGWR PVIRU 7XVLQJDIDFWRURIWKH
DYHUDJHUDWLRRIWKHQRUPDOWLVVXHPHWDEROLWH7YDOXHVDWWKHWZRILHOGVWUHQJWKV
)LJXUH6 7KHHIIHFWRI7VDWXUDWLRQRQWLVVXHZDWHUVLJQDOVDQGPDLQPHWDEROLWHVLJQDOVDQG
FOLQLFDOO\UHOHYDQWPHWDEROLWHUDWLRV$75RI PVLVUHTXLUHGWRPDLQWDLQWKHVLJQDOVVKRZQ
ZLWKLQRIWKHLUXQVDWXUDWHGYDOXHV$W 7WKH7VRIWKUHHNH\PHWDEROLWHVDQG*0DUH
VLPLODUDQGDOWKRXJKWKH\DUHPRUHGLVSHUVHGDW 7KDYHOHVVYDULDELOLW\WKDQWKDWIRUWLVVXH
ZDWHU7$SDUWIURPODFWDWHWKHVDWXUDWLRQFXUYHVIRUVLJQDOIURPSDWKRORJLFDOWLVVXHVDUHQRW
VKRZQEXWSDWKRORJLFDOWLVVXHZLWKLQFUHDVHGZDWHUFRQWHQWFRXOGKDYHDZDWHUVDWXUDWLRQFXUYH
VLPLODUWRWKDWRIODFWDWH6HHWH[WIRUGLVFXVVLRQRQPHWDEROLWH7VLQSDWKRORJLFDOWLVVXH7LVVXH
ZDWHU7UHOD[DWLRQWLPHVXVHGIRU 7 7FDOFXODWLRQVZHUHZKLWHPDWWHU:0± 
PVJUH\*0PDWWHU±  PV0HWDEROLWH7YDOXHVZHUHWKRVHXVHGLQ)LJXUH
6
